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THE  ENGINEER  AND  HIS  WORK. 

Prof.  W.  F.  M.  Gross,  M.  E. 


The  impression  produced  by  terms  employed  in  conversa- 
tion or  discourse,  depend  in  large  measure  upon  the  experiences 

of  those  to  whom  they  are  addressed.  If,  for  example,  it  had  been 
announced  that  I  was  to  speak  to  you  of  the  philosopher,  every 

one  present  would  have  a  rather  definite  conception  of  my  theme, 
fcr  the  philosopher  has  lived  and  wrought  for  centuries,  and  all 
civilized  people  know  something  of  his  work.  Unlike  the  phil- 
osopher, the  engineer  is  a  product  of  modern  times,  and  the 
public  is  not  well  acquainted  with  his  methods  or  purposes.  Peo- 
ple see  in  the  increasing  complications  which  attend  the  modern 
life,  many  evidences  of  his  presence,  but  of  the  engineer  himself, 

they  know  but  little.  It  is  in  recognition  of  this  fact  that  I  have 
chosen  to  speak  to  you  of  the  engineer  and  his  work. 

Beginning  with  Watt  and  the  two  Stephensons  about  a  hun- 
dred years  ago,  the  progress  of  the  engineer  has  ben  continuous 

and  marvelously  rapid.     During  this  perior,  he  has  ushered  in 

the  era  of  steam,  of  steel,  and  of  electricity,  and  has  made  them 

to  become  foundation  stones  in  our  present  civilization.     He  has 

built  up  the  whole  fabric  of  material  things  by  which  we  travel 

or  otherwise  extend  our  communication.    Ik*  digs  vast  mines  and 

draws  forth  their  hidden  wealth  of  fuel  and  ores.     lie  surveys 

and  determines  the  way,  he  cuts  through  hills,  pierces  mountains 

and  bridges  streams  that  ponderous  trains  moving  with  a  velocity 

greater  than  that  of  the  wind,  may  bear  their  burdens  safely  from 

citv  to  citv  and  from  ocean  to  ocean.     He  builds  in  stone,  and  a 

river  is  stopped  that  it  may  do  his  work,  or  a  monument  is  built. 

or  a  beacon  is  raised  by  the  sea,  which  through  the  certainty  of 
his  art  becomes  fixed  for  centuries.     When  buildings  are  to  be 
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warmed,  the  engineer  designs  and  specifies,  the  equipment  thus 

defined  is  installed  and  the  object  sought  is  accomplished.    When 

great  electrical  effects  are  demanded,  he  converts  the  road  c  f 

water- fall  into  light.    Such  enterprises  are  not  the  fruit  of  dreams 

nor  do  they  stand  by  chance.    A  study  of  conditions,  and  a  vision 

of  people's  need  suggests  them,  and  exact  and  laborious  processes 

serve  to  develop  every  detail  of  the  general  plan.     To  conceive 

enterprises  and  to  develop  them  is  the  part  of  the  engineer. 

Many  things  which  today  are  accepted  as  commonplace  arc 

the  result  cf  severe  and  patient  labor  on  the  part  of  the  engineer. 
This  is  especially  true  of  structural  shapes  in  steel  which  enter 
largely  into  the  upbuilding  of  so  jnany  modern  structures.  The 
I-beam,  for  example,  enters  alike  the  frame  of  an  office  building 
or  that  of  a  trans- Atlantic  liner.  It  is  of  simple  outline,  but  its 
production  represents  engineering  processes  which  are  long  and 
complicated.  Think  rf  the  handling  and  transportation  of  ores, 
of  huge  blast-furnaces  with  their  great  pumps  driving  forward 
the  air  to  urge  their  fires;  of  layers  of  coal  and  of  ore  filled  in 
at  the  top  and  settling  down  to  the  melting  zone  of  the  furnace, 
of  ladles  carrying  in  a  single  mass  a  score  of  t-ns  of  melted  iron, 
of  the  flame  which  roars  from  the  mouth  of  the  converter,  as  the 
boiling  metal  is  purged  of  its  impurities  and  changed  from  iron 
into  steel ;  of  the  flow  of  the  newly  made  steel  hit;  molds;  of  rose- 
hued  ingots  moving  on  to  ponderous  rollers  between  which  it 
is  made  to  pass  and  repass  until  the  desired  section  is  formed. 
And,  having  witnessed  the  result,  think  of  the  life  and  energy  of 
Ressimer  and  of  Sicilians  whose  investigations  gave  the  process, 
and  of  all  the  world's  greit  engineers  who  have  labored  to  perfect 
its  details  until  steel  mills  with  their  vast  furnaces  and  compli- 
cated machinery  go  on  interrupted  day  and  night,  week  after 
week  until  months  become  years,  making  steel  more  cheaply  than 

iron.  Think  rf  these  things  and  you  will  sec  that  even  a  common 
I-beam,  simple  as  it  appears  to  be,  exists  as  the  result  ;  f  the  de- 
votion of  great  men  and  these  men  arc  engineers. 

Tt  happens,  of  course,  in  this  day  of  specialization  that  no  man 
is  exqert  in  all  of  the  several  departments  of  engineering.      There 

are  mechanical  engineers,  who  del  with  steam  and  shop  machin- 
ery ;  electrical  engineers  who  are  concerned  with  generators,  mo- 
tors and  transmission  lines;  civil  engineer*  who  locate  railroads 
and   build  bridges;   municipal   engineers   who  design   systems  of 
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water  and  sewerage ;  and  so  on  through  a  vast  field  of  industrial 
activity.  One  of  the  omre  recent  distinctive  terms  which  has 
appeared  is  that  of  "modernizing  engineer,"whose  function  is,  I 
presume,  to  make  old  things  new. 

A  concise  definition,  makes  the  engineer  anyone  whose  func- 
tion it  is  to  combine  the  principles  of  the  scientist  with  the  money 
of  the  capitalist  in  the  production  of  material  things. 

With  this  understanding  of  what  an  engineer  does,  we  may 
next  inquire  concerning  the  manner  of  man  he  is.  First  of  all, 
we  must  note  that  he  is  exceptional  in  the  training  he  has  re- 
ceived, for  the  engineer  of  today  has  reached  his  present  station 
by  a  long  and  laborious  process.  As  a  youth,  he  has  persisted  in 
the  work  of  his  school,  and  has  held  to  his  task  when  many  of 
his  fellows,  having  equal  opportunity,  have  yielded  to  boyish  de- 
sires, and  have  dropped  out  to  become  wage-earners.  A  youth 
must  be  something  more  than  ordinary  who,  at  the  close  of  his 
grammar  school,  can  see  the  ranks  about  him  thin  and  again  at 
the  conclusion  of  his  high  school  course,  see  many  others  drop 
awav  and  vet  hold  in  check  his  natural  restlessness  and  enter 
resolutely  upon  a  four  years'  college  course.  Nor  is  such  a 
career  made  easy  for  him !  All  along  the  way  he  is  subjected  to 
severe  tests  designed  to  prove  his  worthiness  to  proceed.  In 
the  high  school,  at  the  entrance  gate  of  the  college  and  through- 
out his  college  course,  obstacles  have  been  placed  in  his  way.  Men 
all  about  him  have  failed  and  departed  while  he,  by  virtue  of  his 
manly  qualities  has  passed  on.  Many  of  those  who  were  his  com- 
panions, having  proven  themselves  stupid,  or  lazy,  or  indifferent, 
or  of  bad  habits,  have  been  shaken  out  with  the  result  that  he 
and  his  fellows  stand  on  commencement  clay  as  winnowed  pro- 
ducts. Bv  this  I  do  not  mean  that  h?  is  better  than  other  men  or 
that  he  is  entitled  to  more  consideration,  but  rather  that  he  has 
given  proof  of  the  possession  of  certain  high  qualities  of  char- 
acter which  are  not  possessed  by  all  men. 

wish  to  be  understood  as  implying  that  all  such  graduates  are  or 
In  paying  this  tribute  to  the  technical  graduate,  I  do  not 
will  ever  become  engineers  in  the  full  sense  in  which  I  use  that 
term.  Many  such  graduates,  responding  to  opportunities  which 
are  presented  to  them,  turn  from  work  that  is  strictly  technical 
and  enter  upon  business  or  other  careers,  and  in  this,  if  they  fol- 
low their  tastes,  they  doubtless  do  well ;  others  are  content  to 
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drift  and  soon  find  their  pace  with  tlte  slow  moving  tide  about 
them,  and  while  working  at  engineering,  never  become  engineers ; 
still  others,  through  the  possession  of  positive  defects  of  mind  or 
character  are  prevented  from  achieving  the  results  of  a  master. 
But  he  whose  career  we  follow  is  net  to  be  sick  tracked  or  stopped. 
Building  upon  past  experiences,  he  proceeds  with  his  work,  as- 
suming responsibilities  which  at  first  may  be  unimi>ortant  but 
which  gradually  Income  of  greater  significance,  he  attains  to  those 
attributes  of  character  and  becomes  familiar  with  those  lines  of 
action  which  mark  the  true  engineer.  His  characteristics  are 
simple,  perhaps  even  homely,  but  of  such  importance  as  to  make 
it  worth  one's  while  to  consider  brieflv  their  nature. 

m 

First  of  all.  our  engineer  is  accurate,  both  in  speech  and  in 
work.  As  the  machine  which  he  creates  performs  over  and  over 
again  with  unerring  precision  the  operation  for  which  it  is  set, 
so  he,  the  creator  of  the  machine,  must  proceed  in  all  things  with 
accuracy.  It  is  his  part  to  make  reports  which  are  to  guide  his 
clients,  it  may  be,  in  reaching  a  decision  as  to  the  soundness  of 
propositions  involving  matters  which  are  technical ;  or  he  is  re- 
quired to  draw  specifications  which  will  govern  in  the  expendi- 
ture of  large  sums  of  money ;  and  both  the  report  and  the  speci- 
fications must  be  expressed  in  language  which  defines  with  ac- 
curacy. It  is  for  this  reason  that  the  engineer  carefully  prepares 
himself  for  accurate  and  effective  writing,  for  however  well  the 
foundation  for  a  specification  may  be  prepared,  it  will  be  value- 
less unless  the  written  requirement  is  clear. 

Many  things  contribute  to  his  training  in  this  particular, 
from  among  which  I  venture  to  name  three.  These  are  the 
language  training  of  the  college  course,  general  and  technical 
reading  and  an  interest  in  things  outside  of  his  own  course  and 
profession.  The  modern  engineering  student  too  frequently  re- 
gards as  of  little  importance  anything  which  is  not  closely  related 
to  the  technique  of  his  own  course.  This  disposition  prevents  him 
from  appreciating  the  language  training  of  his  course  which  if 
well  administered  can  not  fail  to  be  more  useful  to  him  in  his 
future  work  than  much  that  is  severely  technical.  Again,  every 
engineer  should  know  a  great  deal  about  much  that  has  been 
written,  lie  should  before  graduating  have  read  Samuel  Smiles' 
"Lives  of  the  Engineers,"  many  of  the  text  bo  ks  of  the  science 
scries,   much   of   the    Proceedings  of   engineering   societies,   and 
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some  cf  the  technical  papers.  This  not  only  increases  his  fund 
of  information  but  contributes  to  the  strength  and  accuracy  of 
his  writing.  Again,  by  being  interested  in  affairs  outside  of  his 
course,  he  comes  in  contact  with  men  who  are  different  in  their 
preparation  and  in  their  trend  of  thought  and  this  brightens  a 
new  side  in  his  own  personality  which  gives  lustre  to  Ins  own 
life. 

Again,  as  he  regards  as  important  the  accuracy  of  speech 
and  of  written  words,  so  also  must  he  prize  the  element  of  ac- 
curacy which  marks  his  scientific  processes.  His  professional 
reputation  rests  upon  this.  The  public  will  have  no  confidence 
in  him  unless  they  can  feel  that  his  theories  are  sound  and  his 
application  of  them  correct.  A  remark  which  I  once  heafd  made 
concerning  Sir  Benjamin  Baker,  the  designer  and  one  of  the 
builders  of  the  great  Forth  bridge,  illustrates  this  point. 

The  Forth,  as  vou  know,  is  a  broad  arm  which  the  North 
Sea  thrusts  into  the  eastern  side  of  Scotland.  At  the  crossing 
point,  it  is  nearly  a  mile  in  width.  Above  this  broad  bay  stands 
the  great  bridge  with  its  approaches  more  than  a  mile  and  a  half 
in  length  but  so  high  and  so  vast  that  the  contemplation  of  it 
from  the  shore  makes  the  Forth  shrivel  and  seem  small  until  the 
passing  of  a  steamer,  a  mere  fleck  upon  its  surface,  helps  one 
to  measure  distances  at  their  real  value.  It  was  at  a  meeting  of 
engineers  that  a  new-found  friend  called  my  attention  to  Sir 
Benjamin's  presence  at  the  other  side  of  the  room,  saying  of 
him  "He  designed  the  great  Forth  bridge  not  by  proxy  but  to 
the  extent  of  calculating  himself  the '  stress  in  every  part." 
Whether  this  was  strictly  true,  I  can  not  say.  but  the  remark  con- 
stitutes one  of  manv  evidences  which  are  to  be  met  with  bv  the 
traveler  in  England,  testifying  to  the  public  confidence  in  the 
painstaking  and  accurate  methods  of  the  designer  of  the  great 
bridge. 

Closely  akin  to  accuracy  in  work,  is  fidelity  to  the  truth.  Our 
engineer  above  all  else  is  truthful!  His  is  not  that  truthfulness 
which  consists  in  not  telling  lies  for  such  a  negative  virtue  is  at 
once  recognized  by  him  as  insufficient  for  his  station.  In  a  scien- 
tific sense,  he  is  required  to  be  a  revcalcr  of  truth.  He  is  re- 
quired to  analyze  propositions  for  investing  money  on  the  part 
of  those  desiring  a  return  for  their  investment.     He  must  ascer- 
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tain  the  cost  of  the  undertaking  and  must  decide  as  to  its  effective- 
ness when  completed.  His  investigations  lead  him  to  funda- 
mental facts  which  he  is  powerless  to  change  or  to  set  aside,  and 
in  view  of  these,  his  judgment  must  be  rendered.  Evidently,  the 
value  6f  the  conclusions  depends  upon  the  degree  of  fidelity  with 
which  the  engineer  adheres  to  his  facts.  In  the  little  affairs  of 
business,  also,  he  always  means  what  he  says.  Our  engineer  who 
has  need  of  a  coil  of  rope  does  not  ask  for  three  coils  with  the 
expectation  that  hi3  estimate  will  be  cut,  and  that  in  the  end  he 
will  get  about  what  he  needs.  His  method  is  to  study  well  his 
requirements,  to  ask  for  nothing  until  he  knows  just  what  must 
be  supplied,  and  his  requisition  goes  in  as  a  matter  which  he  can 
defend.  He  recommends  no  purchase  because  a  friend  has  some- 
thing to  sell,  and  has  no  pecuniary  interest  in  anything  which  is 
bought.  Because  of  his  painstaking  method  in  their  preparation, 
his  requisitions  carry  conviction  with  them.  No  man  can  be  an 
engineer  whose  yeas  are  not  yeas  or  whose  nays  are  not  nays. 

But  the  course  of  the  engineer  is  not  always  plain  before 
him.  He  sometimes  stands  between  powerful  interests  which 
conflict.  Having  charge  of  some  important  work,  it  may  be 
proposed  to  substitute  a  new  material  for  that  specified  cr  new 
details  for  those  shown  by  the  drawings.  A  contractor  may 
urge  that  the  material  specified  is  difficult  to  get  while  that  pro- 
posed is  at  hand ;  that  by  making  the  change,  the  proposed  work 
can  be  advanced  rapidly,  whereas  otherwise  there  must  be  long 
delays.  The  engineer  informs  himself  fully  concerning  every 
bearing  of  the  question,  and  gives  his  decision.  But  it  often 
happens  that  after  he  has  done  his  best  to  secure  an  equitable 
adjustment,  the  matter  is  not  settled  especially  if  by  chance  the 
decision  goes  against  the  contractors.  They4  may  importune  his 
employers  for  a  consideration.  They  may  work  on  the  minds  of 
timid  investors  until  the  very  parties  in  whose  protection  the  en- 
gineer gives  his  decision  questions  the  wisdom  of  his  action  and 
give  moral  support  to  those  who  proposes  supplying  them  some- 
thing inefrior  to  that  for  which  they  have  agreed  to  pay.  Under 
all  such  trying  conditions,  the  true  engineer  does  not  often  fail 
to  protect  his  work  and  his  clients,  not  through  stubbornness  or 
mere  force  of  will,  but  by  his  own  integrity,  by  the  care  which  he 
has  taken  each  step  and  his  ability  to  show  evidence  of  the  justice 
which  underlies  his  decision. 
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Enough  has  been  said  to  show  that  the  part  of  the  engineer 
is  not  always  an  easy  one.  Devotion  to  a  cause  always  brings 
its  sacrifice.  The  engineer  who  develops  a  principle  may  proceed 
ever  so  carefully  and  yet  pass  many  sleepless  nights  between  the 
complete  theoretical  development  and  finished  structure  or  system. 
Difficulties  arise  not  because  the  principle  is  bad  but  because  of 
numberless  necessities  which  are  developed  when  it  is  sought  to 
apply  the  principle.  Occurrences  which  he  had  expected  and 
which  he  may  have  planned  to  guard  against,  and  which  are  in 
fact  but  incidents,  may  be  looked  upon  by  the  uninitiated  as  a 
failure  of  the  principle  itself.  And  so  it  is  that  the  engineer  is 
required  to  labor  long  and  patiently,  convincing  his  supports  that 
he  is  right,  modifying  details,  here  a  little,  there  a  little,  always  as 
one  who  is  tireless  until  the  desired  result  is  reached.  It  not 
infrequently  happens  that  he  must  give  evidence  of  his  devotion 
by  the  exercise  of  unusual  physical  exertion.  For  example,  in 
the  construction  of  the  arched  bridge  across  the  Mississippi  at 
St.  Louis,  the  erection  was  advanced  without  the  aid  of  false 
work.  Beginning  on  each  side  of  each  pier  and  at  each  abutment 
the  high  tubes  of  which  the  steel  arches  are  composed,  were  built 
outward,  supported  by  cables  which  were  carried  over  the  top  of 
the  tower.  Thus  supported,  the  arches  were  permitted  to  grow 
upward  and  outward,  until  each  span  extending  from  either  side 
was  made  almost  to  meet  high  above  the  water  midway  between 
piers.  Thus  sustained,  the  free  ends  changing  their  positions  with 
every  change  in  temperature,  the  problem  of  inserting  the  last 
length  in  each  of  the  four  lines  of  arch  tubing  became  a  matter  of 
extreme  delicacy.  It  was  important  also  that  when  one  tube  had 
been  closed,  the  others  be  completed  as  rapidly  as  possible  in  or- 
der that  that  portion. of  the  structure  might  not  be  overstrained 
as  a  result  of  the  partial  support.  In  clcsing  the  first  span,  the 
engineer  in  charge  (Mr.  Cooper),  and  many  of  his  men  were  con- 
stantly on  duty  for  a  period  of  sixty-five  hours.  In  writing  of 
the  experience,  Mr.  Cooper  said :  "We  were  so  sleepy  that  it 
was  almost  impossible  for  us  to  keep  our  eyes  open  and  I  was 
much  afraid  that  some  of  us  would  go  into  the  river."  Such  is 
and  always  must  be  the  engineer's  devotion  to  his  trust. 

It  is  in  this  wise  that  the  true  engineer  holds  himself  to  his 
work.  He  has  need  of  no  task-master  or  time-piece.  His  in- 
centive to  wcrk  is  a  desire  for  useful  results  and  in  their  produc- 


10  THE  NEBRASKA  BLUE  PRINT. 

tion  he  combines  and  sends  forth  all  the  energy  that  he  can  com- 
mand! 

Again,  it  is  not  sufficient  for  the  engineer  to  have  training, 
to  be  accurate,  to  be  a  man  of  truth  and  integrity,  and  to  be  de- 
voted to  his  trust.     These  are  high  qualities  but  he  must  have 
more  than  these.     Especially  must  he  be  resourceful.     He  must 
have  much  of  a  quality  which  is  akin  to  inspiration.    His  concep- 
tions must  carry  him  from  the  thing  accomplished  to  possibilities 
of  which  other  people  have  not  dreamed.     In  its  fullness,  this 
attribute  is  a  rare  gift.    It  is  a  birthright ;  it  is  not  often  acquired. 
One  can  not  design  a  bridge  or  a  dam  unless  the  essential  ele- 
ments of  the  structure  arc  complete  in  his  imagination  before  he 
commits  them  to  paper  or  material.    There  can  be  no  large  struc- 
ture without  a  man  who  is  capable  of  entertaining  large  concep- 
tions.   When  Captain  Eads,  fro  mhis  knowledge  of  the  habits  of 
rivers,  had  conceived  the  plan  by  which  the  channel  of  the  Mis- 
sissippi might  be  deepened,  he  saw  all  features  of  the  construc- 
tion just  as  they  were  afterwards  developed  in  actual  materials. 
Here  moved  the  water  of  a  mighty  river  in  a  shallow  current 
spread  out  over  a  wide  course.     There  was  need  to  meet  the  re- 
quirement of  commerce,  a  channel  of  considerable  depth.     The 
vision  of  the  engineer  made  clear  the  fact  that  the  water  if  con- 
fined to  a  narrow  course  must  work  its  way  deeper  into  the  sandy 
bottom.     All  along  the  back  grew  willows  in  abundance.     The 
engineer  saw  the  willow  branches  cut,  woven   into  great  mat- 
tresses, and  then  loaded  with  stones  and  sunk,  one  after  another, 
along  the  course  of  the  stream,  layer  upon  layer,  until  willow 
twigs  and  stems,  intermixed  with  sand  deposited  by  the  water 
extended  from  the  bottom  of  the  stream  to  the  surface,  forming 
a  supplemental  bank  between  which  the  contracted  stream  rushed 
rapidly,  cutting  its  way  downward  and  giving  the  desired  chan- 
nel.    The  plan  is  not  complicated  and  the  completed  work  seems 
simple  enough.     But  without  the  inspiring  genius  of  the  great 
engineer,  the  Mississippi  might  today  be  rolling  its  slow,  shallow 
and  wide  reaching  way. 

Thus  far,  attention  has  been  given  those  qualities  of  charac- 
ter which  mark  the  true  engineer.  We  have  now  to  consider  the 
nature  of  the  field  in  which  these  qualities  may  be  exercised. 
Speaking  in  very  general  terms,  this  as  I  concieve  it,  is  a  two- 
fold one.     It  mav  involve  technical  functions  onlv,  or  it  mav  con- 
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sist  largely  of  business  functions  growing  out  of  technical  in- 
formation and  experience.  For  example,  by  acting  the  part  of  a 
consulting  engineer,  he  designs  special  apparatus  or  examines 
and  criticizes  the  designs  of  other  people  and  in  general  advises 
clients  with  reference  to  matters  that  are  purely  technical.  Or, 
if  the  mechanical  engineer  of  some  large  industry,  he  plans  and 
specifies  concerning  extensions  of  work,  or  improvements  in 
methods  of  production.  In  either  case,  his  work  is  strictly  tech- 
nical. His  relations  to  those  who  employ  him  are  much  the  same 
as  those  of  a  doctor  of  medicine  to  his  patients.  'The  service 
calls  for  high  moral  and  professional  qualities,  and  when  one  s 
tastes  and  preparation  adapt  him  to  the  service,  such  work  leads 
to  few  perplexities.  He  finds  in  such  a  life  a  variety  of  work 
which  is  stimulating,  while  the  professional  character  of  the 
problems  challenges  his  ambition.  Such  occupations  attract  men 
of  the  highest  quality. 

It  is,  however,  to  be  questioned  whether  one  who  confines 
himself  to  problems  which  are  purely  technical  represents  the 
highest  type  of  the  engineer  for  a  technical  proposition  or  proof 
is  after  all  a  preliminary  to  a  business  organization  which  can 
execute  it  and  make  it  effective  in  serving  mankind.  Thus  it  is 
that  there  has  come  to  be  a  class  of  men  who  have  recently  been 
designated  by  one  of  their  number  as  industrial  engineers.  Men 
who,  while  engaged  in  business  pursuits,  would  be  unable  to  per- 
form the  functions  of  their  office  did  they  not  possess  the  techni- 
cal training  and  accomplishments  of  the  engineer.  Such  men  are 
to  be  found  at  the  head  or  near  the  head,  of  large  manu  fact  wing 
establishments  and  of  great  contracting  firms.  Their  problems 
are  those  of  organization  and  of  pure  business,  but  within  them 
are  conditions  involving  technical  foresight  of  the  highest  order. 
.The  industrial  engineer  does  not  handle  the  instruments  of  the  en- 
gineer but  he  employes  men  who  give  their  time  to  such  work  and 
their  conclusions  constitute  a  part  of  the  working  material  with 
which  he  deals. 

I  am  often  asked  concerning  the  remuneration  which  an  en- 
gineer receives,  and  as  this  serves  as  an  indefinite  measure  of  the 
degree  of  public  esteem  in  which  he  is  held,  some  reference  to  it 
will  aid  in  my  definition  of  the  man.  First  of  all.  an  engineer 
does  not  acquire  riches  because  he  is  an  engineer !  The  science  of 
engineering  is  no  royal  road  to  competency!  A  man  who  enters 
the  field  for  what  there  is  in  it  will  probably  not  succeed  in  find- 
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ing  very  much.  As  in  other  professions,  his  reward  depends  upon 
the  importance  of  the  problems  in  hand,  and  upon  the  extent  of 
the  responsibility  which  he  assumes.  There  is  much  to  be  said  in 
favor  of  the  man  who,  having  a  good  education,  prefers  to  occupy 
himself  with  the  working  problems  requiring  a  high  order  of  tech- 
nical skill  and  who  so  enjoys  the  process  as  to  prefer  the  quiet  of 
his  office  to  all  things  else.  There  are  many  such  engineers  and 
they  perform  a  useful  part  in  the  world's  work.  But  however 
skillful  they  may  be,  they  are  not  often  highly  paid.  They  are 
animated  circulating  machines  and  it  is  not  difficult  to  fill  their 
place.  That  which  gives  earning  capacity  is  a  willingness  to  ac- 
cept new  responsibilities  and  the  ability  to  discharge  them  well 
when  once  assumed,  and  this  willingness  and  this 
ability  sooner  or  later  lead  one  from  the  technical  toward  the 
business.  My  advice  to  young  men  who  desire  as  an  engineer 
to  make  the  most  of  life  is  to  seek  every  opportunity  which  may 
lead  to  the  winning  of  new  responsibilities.  If  you  young  men 
desire  the  highest  professional  success,  you  should  study  well  the 
methods  of  yi/ur  superior  and  find  new  ways  in  which  to  serve 
him.  If  you  can  relieve  him  a  little  at  this  point  and  more  at  that 
point,  your  progress  will  be  assured.  Count  nothing  as  extra. 
It  makes  no  difference  whether  you  arc  paid  for  all  you  do,  for 
that  which  as  a  young  man  you  should  most  desire  is  responsi- 
bility, and  as  the  load  comes  upon  you,  and  you  feci  its  added 
weight,  hold  yourself  true  to  your  purpose,  for  therein  lies  your 
chance. 

But  while  responsibility  and  position  are  matters  of  great* 
importance,  they  are  not  in  themselves  an  end.  It  is  not  the 
salary  or  position  that  chiefly  concerns  the  true  engineer,  though 
both  may  ccme  to  him.  He  asks  first  of  all  for  a  chance  to  serve, 
for  while  wc  are  slow  to  recognize  it,  the  engineer  is  in  fact  a 
servant  of  the  people.  Not  only  are  his  ingenuity  and  skill  the 
starting  point  which  leads  to  the  employment  of  all  the  artisans 
who  fill  our  shops  and  factories,  but  the  constancy  of  their  em- 
ployment and  their  welfare  depends  largely  on  his  management. 
Here  stands  the  industrial  engineer  in  full  command  of  a  great 
manufacturing  establishment.  He  looks  about  him  and  sees 
thousands  whose  faces  are  lighted  by  the  glow  of  his  fires,  all 
working  at  his  command;  and  he  thinks  of  other  thousands  who 
constitute  the  families  of  those  who  toil,  for  the  comfort  and 
happiness  of  all  of  whom  he  feels  responsible.     He  turns  to  the 
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other  side  and  locks  out  upon  the  market  for  his  product.  Whether 
it  is  weak  or  strong,  he  knows,  and  he  lays  his  course  according. 
If  he  fails  to  rightly  interpret  the  signs  of  the  time,  or  if  he 
expands  where  he  ought  to  economize,  his  establishment  must 
lose  and  in  the  end  mouths  must  go  unfed.  Thus  it  is  that  while 
our  industrial  engineer  may  have  a  large  salary,  it  is  not  for 
this  that  he  travels  when  other  people  rest,  that  his  hours  are 
longer  than  those  of  his  most  menial  serving  man,  or  that  for  a 
large  share  of  his  time,  he  abandons  the  cheer  and  comfort  of 
his  home  for  hotel  corridors  in  many  cities  where  business  is 
talked.  I  repeat  that  it  is  not  for  mere  salary  that  he  does  these 
things !  It  is  because  he  feels  that  the  success  of  a  great  business 
depends  upon  his  effort.  He  sacrifices  that  he  may  achieve  for 
the  owners  of  his  works  who  have  trusted  him,  and  for  those 
whom- he  employs  who  follow  his  leadership. 

Again,  the  engineer  may  connect  by  a  bridge  two  cities  on 
opposite  sides  of  a  flood,  and  may  receive  pay  for  his  work,  but 
as  he  designs  that  bridge,  line  by  line,  and  superintends  its  erection 
member  by  member,  his  ideal  extends  far  beyond  a  consideration 
cf  the  fee  he  is  to  receive.  He  is  serving  a  community  of  people ; 
that  as  decades  pass  and  generations  of  people  make  use  of  that 
wav,  the  value  of  the  service  rendered  will  far  exceed  that  of  anv 
fee  which  he  may  receive.  He  knows  that  it  is  his  part  to  build 
well  that  all  who  come  after  him  may  rejoice. 

It  is  this  ideal  of  service  which  qualifies  and  ennobles  the 
work  of  the  true  engineer;  of  service  founded  upon  the  sacrifice 
of  all  that  is  low  or  commonplace,  and  having  throughout  it  all 
a  fine  integrity  and  lofty  devotion  to  trust,  a  service  that  never 
tolerates  neglect  of  those  who  are  above  nor  permits  injustice  to- 
ward those  who  are  dependent;  a  service  which,  while  self  sacri- 
ficing, will  never  fail  to  bring  a  full  measure  of  useful  results. 


This  then  is  my  message  to  you  who  as  students  in  the 
halls  of  this  great  institution  of  learning,  are  seeking  to  prepare 
yourselves  for  the  work  of  an  engineer.  I  have  brought  ynu 
ideals  which  are  high  but  not  impracticable.  They  are  high  be- 
cause anything  less  would  be  unworthy.  In  so  far  as  you  succeed 
in  living  these  ideals,  just  so  far  will  your  lives  partake  of  that 
element  which  is  best  called  greatness.  And  finally  I  would  add 
that  this  is  a  matter  of  today,  not  of  tomorrow.     Xo  man  ever 
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accomplished  anything  worth  doing  by  continual  postponement  of 
the  day  of  its  beginning.  Many  of  you,  by  enrolling  yourselves 
as  students,  have  already  entered  upon  a  career  as  engineers, 
and  the  responsibility  is  upon  you  to  give  evidence  of  the  pos- 
session of  those  attributes  of  character  which  in  their  fullness 
characterize  the  ideal  engineer. 


The  Lighting  of  Lincoln. 


Finances  of  a  Municipal  Enterprise. 


C.  R.  Richards  and  G.  H.  Morse. 


There  was  in  the  design  and  construction  of  the  Lincoln 
Municipal  Electric  Lighting  Plant,  little  of  novelty  save  the  thor- 
oughly systematic  manner  in  which  this  public  undertaking  was 
carried  out.  While  the  engineers  were  closely  limited  as  to  pos- 
sible expenditure,  their  designs  and  recommendations  were  from 
the  start  followed,  practically  without  exception.    There  resulted 

a  wide  and  close  competition,  based  upon  carefully  prepared  plans 
and  specifications  which  covered  every  detail  of  the  plant  and 
line  equipments,  as  it  stands,  completed. 

The  engineers'  estimates  were,  for  plant  building  and  chim- 
ney, $13,138.00,  and  for  all  other  parts,  including  power  house 
equipment,  pole  line  wiring  and  lamps,  $66,528.00. 

The  competition  was  widely  advertised  in  the  leading  tech- 
nical papers  for  several  weeks  prior  to  the  letting.  Practically 
all  of  the  manufacturing  companies  in  the  country,  making  the 
required  class  of  apparatus,  as  also  many  independent  contract- 
ing concerns,  were  represented.  After  public  opening  of  the 
bids,  the  various  proposals  were  arranged,  for  purposes  of  easy 
comparison,  in  the  form  of  a  table  which  follows.  The  choice 
of  two  units  as  against  a  single  unit,  as  also  the  three  phase  sys- 
tem was  determined  by  certain  requirements  in  connection  with 
ultimate  application  to  motor  driven  pumps  in  the  city  water 
works. 
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The  engine  room  is  40'x56'  inside,  and  the  level  of  the  main 
floor  is  about  4'  above  grade ;  below  the  main  floor  there  is  a. 
basement  room  with  a  clear  head  space  of  7',  to  be  used  for  stor- 
age, for  a  repair  shop  and  for  the  wiring  conduits  from  genera- 
tors to  switchboards,  together  with  the  field  rheostats,  power 
transformers,  etc.  The  engine  foundations  (Fig.  3)  built  of 
solid  concrete,  reach  from  the  floor  of  this  basement  to  the  main 
floor  of  the  engine  room.    The  main  engine  room  floor  is  made 


Fig.  3. 

of  a  5"  concrete  slab,  reinforced  with  tvahn  trussed  Steel  bars: 
steel  I  beams  resting  on  the  side  walls  and  the  engine  founda- 
tions, support  the  floor.     The  basement  is  floored  with  wood. 

The  boiler  room  is  symmetrica!  in  size  with  the  engine  room. 
the  level  of  the  floor  being  the  same  as  that  of  the  basement  un- 
der the  engine  room.  The  room  is  paved  with  hard  burned  pav- 
ing brick.  Adjoining  the  boiler  mom,  a  coal  and  ash  storage 
room  I4'x56'  is  provided,  the  roof  of  which  is  made  of  reinforced 
concrete.  The  level  of  the  floor  in  the  boiler  and  coal  storage 
rooms  were  placed  for  enough  below  grade  to  permit  coal  to  be 
shoveled  from  ordinary  coal  cars  through  man-holes  in  the  roof 
of  the  bins.  At  cne  end  of  the  coal  bin.  a  Jeffrey  Mfg.  Co's 
ash  elevator,  driven  by  a  5  h.  p.  motor,  is  placed. 

The  building  is  constructed  of  two  pound  pressed  brick  on-. 
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the  exterior,  with  three  pound  pressed  brick  on  the  interior  of 
the  walls,  and  common  hard  burned  brick  for  filling.  Below  the 
water  table  the  brick  is  laid  in  i  :3  Portland  cement  mortar ; 
above  this  point  the  same  mortar  with  io'/c  lime  paste  added 
was  used.  The  original  specifications  called  for  Bedford  stone 
water  table,  coping  and  sills,  but  to  reduce  the  cost,  artificial 
stone  was  substituted  for  the  Bedford  stone  in  the  building, 
and  all  stone  except  the  water  table  was  omitted  from  the  chimney 
The  roof  is  supported  by  wooden  trusses  (Fig.  4)  of  the 
simple  king  rod  type.  In  the  original  design  of  the  building  the 
underside  of  the  roof  covering  was  to  be  ceiled,  and  the  roof  cov- 
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ercd  with  slate.  Tu  reduce  the  cost,  common  rafters  were  dressed 
and  exposed,  and  the  sheathing  made  of  <•"  matched  flooring, 
covered  with  building  felt  and  galvanized  imn  roofing  painted  on 
the  out  side.  Monitors  are  placed  over  b'-tli  the  engine  and 
boiler  rooms,  the  former  being  provided  with  swinging  windows 
operated  from  the  engine  room  floor,  the  latter  with  fixed  louvres. 
The  chimney  is  4'  6"'  inside  diameter  by  alxuit  130'  in 
height  above  the  grates.  The  foundation  is  of  1:3:5  concrete, 
made  with  Portland  cement,  and  is  2o's2i'  f>"  on  the  ground, 
built  in  steps  1'  thick  to  a  height  of  5':  at  the  point  where  the 
brickwork  begins  the  foundation  is  iff  square.  War  the  hnttum 
of  the  foundation  a  double  row  of  eld  street  car  rails,  laid  cross- 
ways,  was  placed.  While  these  rails  were  not  considered  essential. 
they  were  owned  by  the  City,  so  were  available  without  expense. 
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and  it  was  felt  that  they  would  give  added  strength  to  the  struc- 
ture. The  base  of  the  chimney  is  square  in  section  for  about  20' 
and  round  for  the  remainder  of  the  height,  this  part  haying  a 
batter  of  about  1 :4c  An  inner  core  wall  with  a  dead  air  space 
between  it  and  the  outer  wall,  extends  to  the  top  of  the  chimney 
thus  fully  protecting  the  outer  wall  against  cracking  from  unequal 
expansion.  The  core  wall  is  lined  with  fire  brick  for  about 
twro  thirds  of  its  height  and  with  common  brick  the  remainder 
of  the  distance.  The  top  of  the  chimney  is  finished  with  a  heavy 
cast  iron  cap,  and  iron  ladder  rungs  are  built  into  the  brick  work 
of  the  core  wall,  from  its  bottom  to  the  top  of  the  chimney. 
Four  copper  lightning  rods  are  screwed  into  the  top  of  the  cap, 
and  a  3/8"  copper  cable  is  connected  to  this  cap  and  grounded  to 
a  large  copper  plate,  to  afford  protection  against  lightning. 

The  chimnev  is  of  sufficient  size  to  carry  about  double  the 
present  capacity  of  the  plant. 

The  engineers'  estimates  of  the  cost  of  the  building  and 
chimney  were  as  follows : 

liUIUDIXG. 

700  yds  excavation  at  30^ $210.00 

30  yds  concrete  footings  at  $0.oo 180.00 

249  M  brick  laid,  at  $13.00 3237.00 

273  cu.  ft.  cut  stone  at  1.75 477-75 

175  yds.  plastering  and  pitching  at  40c 70.00 

Concrete  steel  floor  in  engine  room  and 

roof   over   coal    bins 1 176.00 

Brick  floor  in  boiler  room  and  coal  bin 325.00 

Lumber 1020.40 

Slate  roof 650.00 

Tinner's  work T30.00 

Windows   and   doors 409.00 

Stairs  and  steps 100.00 

Hardware 74-00 

Iron  work  not  otherwise  covered 22.65 

Painting 150.OO 

Ash  elevator  and  nn  tor 55O.0O 

Carpenters'  work 400.00 

Profit  15% 1294.77 


$10,476.57 
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CHIMNEY. 
125  yds.  excavation ?  37-50 

65  yds.  concrete  foundations 390.00 

160  M  common  brick  laid - .  2240.00 

10  1/2  M  fire  brick  laid 315.00 

165  cu.  ft.  cut  stone 288.75 

Iron  work  and  lightning  conductor 162.00 

Boiler  breeching 445-00 

Profit  15% 440.00 

$3818.25 

Total  for  building  and  chimney $14,294.82 

Deduction  for  changes  in  roof  construction 

and  stone  noted  above  (estimated) 1156.82 

Engineers'  final  estimate $13,138.00 

It  is  interesting  to  note  that  the  contract  for  the  building  and 
chimney  was  let  at  the  above  estimate.  It  may  be  further  noted , 
that  the  building  contractor  constructed  the  machinery  found- 
ations, the  specifications  requiring  him  to  name  a  price  per  yard 
of  finished  foundation.  The  price  named  was  $6.00  per  yard. 
In  all  foundations  there  were  about  210  yards,  so  the  cost  was 
$1265.49  for  this  work. 

THE  ENGINES  AND  GENERATORS. 
The  plant  is  equipped  with  two  12"  x  22"  x  30"  tandem 
compound  Corliss  engines   (Fig.  5,)  built  by  the  Murray  Iron 
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Works  Co.,  each  direct  connected  to  standard  125  k.  w.  gen- 
erators, running  at  120  r.  p.  m.  These  engines  have  the  rolling 
mill  type  of  frame,  which  is  of  particularly  massive  and  pleasing 
design,  and  double  valve  gears  giving  a  range  of  cutoff  from  o 
to  3/4  stroke,  thus  making  possible  a  very  large  over-load  cap- 
acity. The  point  of  cut-off  in  the  low  pressure  cylinder  is  con- 
trolled by  hand,  a  particularly  ingenious  arrangement  being  pro- 
vided to  change  the  cut-off  while  the  engine  is  running.  The 
cylinder  ratio  is  such  as  to  permit,  later,  of  the  use  of  condensing 
apparatus,  should  the  conditions  of  operation  of  the  plant  war- 
rant its  use. 

THE  BOILERS. 

There  are  three  Murray  water  tube  boilers  set  in  one  battery 

(Fig.  6.)     Each  boiler  has  about  1800  sq.  ft.  of  heating  surface. 

The  design  of  the  boilers  is  similar  to  that  of  the  well  known 

Heine  boiler,  except  that  the  main  shell  is  horizontal,  the  rear 


T-'iB.   6. 

header  being  longer  than  the  front  one.  The  arrangement  of 
the  baffle  tile  is  exacty  the  same  as  in  the  Heine  boiler.  The 
Ijoilers  are  desigm-d  for  a  working  pressure  of  150  lbs.  Two  of 
the  b-  ilers  are  in  use  at  night  to  carrv  the  lighting  and  pumping 
load,  while  (luring  tin-  day','  oik-  boiler  only  is  needed.  The  third 
unit  is  for  reserve,  thus  giving  ample  time  for  cleaning  and 
re]. airs. 
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AUXILIARY  STEAM  APPARATUS  AND  PIPING. 

(Fig.  7) 

The  feed  water  for  the  boilers  is  taken  from  the  City  mains 

through  a  float  valve  into  a  Hoppe's  open  exhaust  steam  heater 

of  the  induction  chamber  type,  in  which  only  a  sufficient  amount 


of  steam  to  heat  the  water  is  taken  into  the  heater.  The  heater 
is  provided  with  an  efficient  oil  separator,  which  effectively  pre- 
vents the  introduction  of  oiJ  into  the   feed  water.     A.  pivr  <A 
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6"  x  4"  x  6"  duplex  boiler  feed  pumps  are  installed.  The  feed 
water  is  taken  from  the  heater,  or  through  a  by-pass  from  the 
City  mains,  and  pumped  'into  a  header  from  which  it  is  delivered 
into  the  boilers  through  suitable  controlling  valves,  located  im- 
mediately above  the  pumps.  All  feed  pipe  and  .fittings  are  extra 
heavy  and  flanged;  the  pipe  is  bent  at  turns,  thus  doing  away 
with  the  use  of  elbows. 

The  steam  header  is  supported  on  brackets  on  the  boiler 
room  side  of  the  wall  between  the  engine  and  boiler  rooms. 
It  is  10"  diameter,  and  is  made  up  of  extra  heavy  flanged  fittings 
and  full  weight  standard  pipe,  with  screwed  extra  heavy  com- 
panion flanges  and  copper  gaskets.  The  7"  connections 
from  boilers  to  header  are  made  of  long  bends,  and  are 
"provided  with  extra  heavy  flanged,  rising  stem  gate  valves  with 
by-passes.  Long  radius  bends  connect  the  header  and  the  engines, 
a  milwaukee  separator  being  placed  above  each  engine.  A  4" 
steam  pipe  from  the  header,  leads  to  the  old  pipe  across  the 
street  from  the  new  plant.  As  this  is  only  a  temporary  installa- 
tion the  pipe  was  carried  in  a  wood  box,  filled  with  mineral 
wool.  The  bleeds  from  the  header  and  from  the  separators  are 
taken  care  of  by  traps  and  delivered  into  the  heater. 

The  exhaust  pipe  is  10"  and  12"  in  diameter.  Either  engine 
can  be  cut  out  by  a  standard  rising  stem  gate  valve.  Long 
radius  ells  are  used  throughout.  After  leaving  the  heater, 
the  exhaust  passes  through  a  back  pressure  valve,  from  which 
steam  may  be  delivered  to  the  heating  coils  in  the  engine  room. 
A  cross  connection  with  the  steam  header  is  made  with  this  low 
pressure  supply  pipe,  with  a  pressure  reducing  valve  between, 
to  enable  the  engine  room  to  be  heated  in  cold  weather  when 
the  engines  •  are  not  running.  The  condensation  from  these 
heating  coils  is  returned  into  the  heater. 

The  blow-off  pipe  is  made  of  extra  heavy  flanged  pipe  and 
fittings  in  the  boiler  room  and  of  standard  cast  iron  water  pipe 
between  the  building  and  the  grease  trap.  A  4"  waste  pipe  takes 
the  overflow  from  the  heater,  the  discharge  from  the  engine 
receiver  traps,  etc.,  to  this  same  grease  trap,  and  a  6"  sewer  pipe 
delivers  the  water  from  the  trap.  Extra  heavy  "Neverstick" 
blow-off  cocks  are  used  on  the  boilers,  and  in  addition  a  gate 
valve  is  placed  in  tandem  with  each  blow-off  cock. 

All  pipe  work  above  two  inches  in  diameter  is  flanged,  and 
made  up  with  corrugated  copper  gaskets.  On  all  high  pressure 
lines,  extra  heavy  fittings  and  valves  are  used.  The  pipes  are  cov- 
ered with  Johns- Manville  85%  magnesia  sectional  covering. 
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The  engineers'  estimate  of  the  cost  of  pipe  work  was  as 
follows : 

Exhaust  connections,  complete $900.00 

Steam  Header;  complete, 750.00 

Feed  water  and  pump  connections 160.00 

Blow-off  and  waste  connections, 160.00 

Steam  heating  connections 1 14.00 

Drips  and  gaskets, 60.00 

Pipe  line  to  old  pump  house  and  other 

outside  work 300.00 

Pipe   covering 100.00 

Labor 500.00 

Profit,  15% 456.00 

$3500.00 
The  contract  for  the  pipe  work  was  let  for  $3270.00, 

ELECTRIC  GENERATORS. 

The  generators,  Fig.  8  were  made  by  the  Bulloc  Electric 

Manufacturing   Company.     They    arc   of   the    revolving   field, 

engine  type  and  have  a  capacity  of  125  kilowatts  each.     These 

machines  are  sixty  cycle,  three  phase,  star  connected,  giving  a 


Fig.  8. 
pressure  of  4,400  vclts  between  circuits.  The  regulation  is  a 
rise  of  8  per  cent  in  pressure  when  normol,  full  noninductive 
load  is  thrown  off,  and  a  rise  of  18  per  cent  when  load  has  80  per 
cent  power  factor.  The  generators  are  each  furnished  with  a 
belted  exciter  rated  at  104  amperes  and  120  volts. 
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LIGHTING  SYSTEM  AND  SWITCH  BOARD. 

The  streets  are  lighted  with  328.7  1/2  ampere,  series  alter- 
nating arc 'lamps  hung  over  street  intersections.  These  lamps  are 
arranged,  (Fig.  17,)  in  six  nominally  fifty  light  and  two  twenty 
five  light  circuits,  each  circuit  being  controlled  by  an  induction 
regulator.  The  switch  board  complete,  lamps  and  regulators 
were  furnished  by  the  Western  Electric  Company.  Under 
ordinary  running  conditions  each  fifty  light  circuit  is  attached 
directly,  through  its  regulator,  to  one  of  the  six  phases  of  the  two 
generators,  the  machines  being  run  independently  of  each  other. 
A  fifty  light  transformer  is,  however,  so  arranged  that  any  one 
of  the  six  circuits  can  be  isolated  by  the  action  of  plug  switches, 
from  the  generator  in  case  of  an  outside  ground  coming  00. 
The  two  twenty  five  light  circuits  are  of  course  fed  through  trans- 
formers at  all  times.  There  is  also  one  incandescent  circuit  tak- 
ing from  1.2  to  1.45  amperes  direct  from  the  machine  at  4400 
volts.  The  circuits  above  enumerated  constitute  the  present 
load,  but  provision  has  been  made  for  a  future  motor  load  in 
connection  with  city  water  supply. 

.    (Illustration  Fig.  17,  on  Page  29.) 
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I 

Fig.  17. 
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(Fig.  9)  shows  diagram  at  ically  the  wiring  of  station  and 
lighting  circuits.  The  several  series  circuits  arc,  in  the  diagram, 
shown  open  at  several  points  on  the  switch  board.     These  arc 


fl 


merely  spring  contacts,  held  apart  by  womU-n  plugs,  for  testing 
purposes,  the  pfiiifs  being  rcmuvert  mu\  s\rt'mv!,*  »Wo\Nt&\n  came 
together  when  the  circuit  is  to  lie  p\acti\  m  opctsAwm. 
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The  switch  board,  (Fig.  io,)  comprises,  four  arc  panels 
with  ping  switches,  each  panel  supplying  two  circuits  and  being 
provided  with  one  ammeter  which  may  be  inserted  in  either  cir- 
cuit at  pleasure,  without  interrupting  the  service;  one  incan- 
descent panel;  which  is  also  provided  with  three  plug  switches  so 


Fig.  10. 
arranged  that  a  station  test  circuit  (Not  shown,)  may  be  cut  into, 
or  out  of,  one  of  the  twenty  five  light  circuits  without  interrupting 
the  latter;  two  generator  panels  and  one  induction  motor  panel, 
the  last  named  not  being  as  yet  in  use,  nor  accounted  for  among 
the  items  of  cost  in  this  article. 

POLE  LINE  AND  WIRING. 
This  was  constructed  under  contract  by  the  Nebraska  Elec- 
tric Company  of  Omaha. 

All  poles  of  thirty  five  feet  and  over  are  of  Idaho  Red  Cedar 
of  excellent  quality ;  thirty  foot  poles  and  guy  stubs  are  of  Mich- 
igan White  Cedar.  The  cost  of  poles  to  the  contractor  as  received 
F.  O.  B.  Lincoln  was  as  follows: 

8"  5c/  Red  Cedar  Poles $9.00 

8*  45'    "         "',         "'     8.00 

7"  40'     "         "  •'     4-75 

6"  35'     "         "  "     3-6o 

6"  30'  White  "  "     2.50 

6"  25'      "      "  •       "     1.90 

5"  20       "      "  '■     1,10 
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The  number  of  each  size  employed  in  the  construction  of  the 

lilies  as  laid  out  on  the  map.  Fig.  17  were, 

2-6o'  1438-35' 

4-55'  440-30' 

55-50'  168-25' 

I05-45'  150-20' 

291-40'  90-18' 

The  poles  at  all  corners,  turns  and  ends,  were  double  armed 
and  j  '*""  '  "    '     ^hese 


ink.  uf  three  strands  of  Xo.  : 
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galvanized  iron  wire,  two  strands  being  used  in  the  branches. 
All  lamp  sustaining  poles  were  guyed  in  two  directions,  using  for 
the  purpose,  two  strands  in  each  guy. 


An  analysis  of  the  actual  cost  of  the  various  materials  and 
operations  involved  in  the  construction  of  the  line  including  con- 
tractors profits  equally  distributed  is  as  follows.  All  wires  were 
of  hard  drawn  copper  No.  8  B  and  S  gauge,  there  being  a  total  of 
105  miles  of  wire  strung. 


MATERIALS. 

Poles $10,908.80 

Cross  arms,  pins,  insulators,  hardware,  guy 

wire,  lamp  sustainers,  ropes  and  pulleys 4.322.04 

Copper  wire 8,511.62 


23,742.46- 
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LABOR. 

Shaving  poles. . $l>058.58 

Framing  and  roofing  poles 394-55 

Hauling  poles J  76.56 

Distributing  poles 520.02 

Digging  holes  . . . . 1,693.14 

Setting  poles 1,352.46 

Arming  poles 404.34 

Painting  pole  tops 70.96 

Guying  poles 2,161.43 

Stringing  wires 2,021.99 

Putting  up  lamp  sustainers 611.75 

Placing  globes  and  hoisting  ropes. . .  .  •. 1,114.75 


11,580-53 


MISCELLANEOUS  EXPENSES. 

Incidental  expenses  of   Superintendent .'$431.82 

Livery  and  incidental  hauling 180.00 

Rent  of  warehouse 105.00 

Miscelaneous   freight    90.96 

Tools 128.15 

Fire  insurance  and  bond J99-56 


M35-49 
Total  cost  of  pole  line  ond  wiring $36,458.48 

The  average  cost  of  labor  during  construction  was : 

General  foreman,  per  day,  9  hours  and 

expenses $3-50  P^r  day. 

Sub-foreman  of  guying  gang,  and  string- 
ing gang 3.20  per  day. 

Foreman  of  pole  yard  and  digging  gang    3.00  per  day. 

Lineman 2.75  per  day. 

Ground-men 2.00  and  1.75  per  day. 

Laborers,  digging  holes  and  in  pole  yard  1.75  per  day. 
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Figs.  14  andis  illustrate  the  manner; in  which  labor  was  ap- 
plied in  the  process  of  erecting  poles  and  tamping  in  the  dirt 
respectively. 
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Fig.  16  shows  the  wires  as  they  enter  the  power  house. 
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COST  OF  PLANT. 

Building,  chimney  and  machinery  foundations  $14,40349 

Boiler  feed  pumps 396.00 

Feed  water  heaters • 360.00 

Incandescent  lighting  transformers 194*25 

Engines  and  boilers 12,200.00 

Generators  and  exciters 7,490.00 

Switchboards,  regulators  and  lamps 8,030.00 

Steam  fitting 3,283.00 

Pole  line  and  wiring 36,458.48 

Engineering  design  and  supervision 3,312.62 

$86,128.04 
The  plant  is  located  in  a  public  park  on  the  outskirts  of  the 
city,  hence  no  charge  is  made  for  real  estate.  Since  the  plant 
was  completed  and  put  in  operation,  $1,174.93  has  been  expended 
for  additional  equipment.  This  consists  of  testing  instruments, 
special  tools,  furniture,  etc.,  much  of  which  is  non-essential  to 
actual  operation.  1,174.93 

Total  cost  of  plant  87,302.97 

COST  OF  OPERATION 

The  following  items  are  taken  from  a  report  on  the  first  six 
months  of  operation,  ending  February  28,  1906.  Each  item  has 
been  doubled  as  the  estimate  is  based  on  yearly  operation. 

(ANNUAL  EXPENDITURE  BY  THE  CITY.) 

Interest  on  bonds ;  4  1/2%    of  $65,000 $2,925.00 

Coal ;  2330  tons  at  $2.35  per  ton 5475-50 

Oil  and  waste 250.00 

Packing 68.00 

Miscellaneous 50.00 

Carbons 321.12 

Arc  globes 198.68 

Office  supplies 14.00 

Pay  roll ;  supervision  and  labor 7,51 1.46 

$16,813.76 
The  equivalent  number  of  lamp  hours  supplied  is  880,908 

Hours  run  annually  per  lamp 2,677 

Killowatt  hours  generated  per  annum    488,870 

(The  last  figure  is  estimated  on  basis  of  550  watts  per  arc 
lamp  including  line  loss.  Lamps  were  guaranteed  to  absorb  not 
less  than  480,  nor  more  than  490  watts.  The  energy  required 
by  the  very  small  incandescent  load  is  also  included.) 
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In  order  to  obtain  the  annual  cost  to  the  city,  of  owning 
and  operating  its  own  lighting  plant,  taking  into  account  all  finan- 
cial features  involved,  the  following  estimate  has  been  made. 
This  estimate  is  based,  as  far  as  possible,  upon  the  figures  above 
given  reduced  to  a  yearly  operation  of  4,000  hours  per  lamp. 
Annual  Cost  to  the  City,  All  Financial  Features  Considered. 

Interest  on  bonds,  tf/2  per  cent,  of  $65,000 $2,925.00 

Interest  on  cash  cost   ($87,302.97)    of  plant, 

less  $65,000  at  5  per  cent 1,115.15 

Depreciation  and  repairs  at   10  per  cent 8,730.30 

Coal   8,175.60 

Oil  and  waste    275.00 

Packing  78.00 

Miscellaneous   50.00 

Carbons 481.12 

Arc  globes    218.68 

Office  supplies    14.00 

Water  at  15c  per  1,000  gallons  (Same  rate  as 

charged  all  steam  users  in  city ) 750.00 

Pay   roll    7,51 1.46 

Taxes  at  jl/2  mills  per  $1.00 654.77 

Fire  insurance  at  2  per  cent,  on  $32,000 640.00 

Boiler  insurance 200.00 

Franchise  tax ;  $100  per  annum  plus  2  per  cent 

on  estimated  gross  income  of  a  private  plant      700.00 

Total    $32,519.08 

The  taxes  which  figure  in  the  above,  are  those  that  the 
City  would  receive  froni  a  private  company  doing  the  public 
lighting,  and  which  are  therefore  lost  through  the  City's  oper- 
ation. 

The  figure  just  found  is  for  329  arc  lamps  operating  all 
night,  every  night,  and  also  includes  the  small  quantity  of  in- 
candescent lighting.  The  effect  of  this  latter  load  is  negligable. 
We  therefore  have  as  the  total  cost  per  arc  lamp  per  annum, 
$98.84. 


Recent  Practice  in  the  Construction  of  Bridge 

Piers  on  Pile  Foundations. 


W.  M,  Kallasch,  Assistant  Engineer,  Bridge  Department,  Illinois  Central  Railway. 


The  substructure  of  Yazoo  River  Bridge  was  finished  in 
1904.  It  consists  of  a  concrete  abutment,  three  double  steel  cyl- 
inder concrete  piers,  and  a  circular  pivot  pier,  which  supports  a 
239  foot  single  track  draw  span.  All  of  these  piers  rest  on  pile 
foundations.  In  the  case  of  the  cylinders,  clusters  of  piles  were 
driven  with  a  floating  driver.  The  tops  of  the  piles  were  then 
chained  together,  and  the  bottom  sections  of  cylinders  placed 
over  them,  correctly  centered,  and  driven  to  their  proper  depth 
into  the  bed  of  the  river.  The  bottoms  of  cylinders  were  closed 
by  depositing  a  layer  of  concrete  through  the  water  by  means 
of  a  tube  consisting  of  a  six-inch  iron  pipe,  and  when  concrete 
had  set,  the  water  was  taken  out  with  a  steam  siphon.  The  piles 
were  cut  off  at  low  water  and  the  cylinders  filled  with  concrete. 
For  the  foundation  of  the  pivot  pier,  130  piles  were  driven  to  a 
total  penetration  on  each  pile  of  from  16  to  24  ft.,  and  to  a 
penetration  of  from  2  inches  to  absolute  refusal  under  the 
last  blow  of  a  3000-lb.  hammer  'falling  30  feet.  It  was  decided 
to  build  a  double  wall  coffer  dam,  and  fill  between  with  puddle. 

The  coffer  dam  was  made  octagonal  in  shape,  except  that 
two  of  the  alternate  up-stream  sides  were  produced  to  a  point 
to  deflect  the  current.  This  was  also  used  as  a  sump  hole  for 
the  pump.  Frame  piles  for  the  walls  were  spaced  4  feet  for  in- 
side wall,  and  5  feet  for  outside  wall.  They  were  driven  with 
the  same  driver  used  in  driving  foundation  piles.  The  distance, 
center  to  center,  of  inside  and  outside  walls,  was  8  ft.,  making 
the  puddle  wall  5  ft.  thick. 
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Sheet  piles  were  built  out  of  3x12  rough  lumber,  and  were 
two-ply,  40  ft.  long.  They  were  driven  with  a  3000-lb.  hammer 
in  a  pair  of  short  pony  leads.  The  leads  were  suspended  from 
a  boom  hinged  at  the  base  of  the  leads  on  the  barge  driver. 

This  boom  could  be  raised  or  lowered  for  driving  either  the 
outside  or  inside  wall  of  the  coffer  dam,  with  the  barge  anchored 
against  the  wall. 


Sheet  piles  in  both  walls  were  given  a  penetration  of  about 
14  ft.,  the  intention  being  to  drive  through  a  bed  of  quick-sand 
underlying  the  pier  site,  but  through  which  it  was  not  intended 
to  excavate.  The  puddle  for  the  wall  was  a  sticky,  yellow  clay, 
taken  from  the  bank  of  the  river  near  by,  and  was  dumped  into 
the  water  and  rammed  down.  A  double  cylinder  steam  pump 
with  an  8-inch  suction  and  a  6-inch  discharge  was  used  for  hand- 
ling the  water.  Excavated  material  was  handled  in  buckets  with 
a  derrick  mounted  on  top  of  the  coffer  dam.  Excavation  was 
carried  down  to  near  the  right  depth  and  foundation  piles  cut  off. 
At  this  time  there  was  a  head  of  about  20  ft.  of  water  on  the 
outside  of  the  dam,  and  an  enormous  spring  broke  through  the 
bottom  of  the  foundation.  So  great  was  the  flow  of  water  and 
sand  that  the  facilities  for  handling  it  were  entirely  inadequate, 
and  the  dam  was  fast  filling  up  with  sand.  A  hole  was  cut 
through  the  wall  so  as  to  fill  the  dam  with  water  and  equalize  the 
pressure,  and  a  10-inch  centrifugal  pump  was  then  installed.  By 
keeping  the  dam  full  of  water,  the  sand  was  pumped  out  to  the 
proper  depth. 
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A  diver  was  employed  most  of  the  time  to  direct  the  moving 
of  the  suction  hose,  so  as  to  excavate  the  bottom  to  a  uniform 
depth.  The  bottom  of  the  dam  was  then  closed  by  depositing  a 
2-ft.  layer  of  concrete  through  the  water,  by  means  of  bottom 
dump-buckets,  which  were  lowered  to  the  bottom  before  being 
dumped.  The  wall  of  the  coffer  dam  was  repaired,  and  as  soon 
as  the  concrete  had  set,  the  water  was  pumped  out  without  fur- 
ther difficulty.  The  remainder  of  the  foundation  and  the  pier 
were  put  in,  in  the  usual  manner.  The  frames  of  the  pier  were 
built  in  short,  vertical  sections  fitting  smoothly  into  each  other, 
so  that  the  lower  ones  could  be  unbolted,  removed,  and  placed  on 
top.  Upon  the  completion  of  the  work  the  inside  row  of  sheeting 
was  cut  off  at  the  top  of  the  foundation,  and  the  outside  row  was 
pulled  up.  The  work  of  constructing  the  piers,  and  erecting  the 
steel,  was  done  by  company  forces. 

The  substructure  of  the  Tennessee  River  Bridge,  which  was 
completed  early  in  1905,  consists  of  eight  double-track  concrete 
piers.  Seven  of  these  piers  are  for  fixed  spans,  and  the  other 
one  is  a  pivot  pier  which  supports  a  453-ft.  double-track  draw 
span.  All  of  the  piers  are  on  pile  foundations.  The  method  of 
constructing  the  River  piers  was  essentially  the  same. 
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The  river  bed  is  composed  of  clean  sand  and  gravel,  and  in 
low  water  the  river  is  about  five  feet  deep.  Orange  peel  dredges 
were  used  to  excavate  the  pier  sites  to  about  17  ft  below  low  water. 
The  foundation  piles  were  then  driven  with  a  steam  hammer 


mounted  on  a  barge.  On  account  of  the  nature  of  the  bottom, 
it  was  necessary  to  use  cast  iron  points  on  all  foundation  piles. 

hi  general,  they  were  driven  to  refusal,  or  as  much  as  they 
would  stand,  the  total  penetration  on  each  pile  varying  from  7 
to  20  feet. 

The  coffer  dams  were  all  single  wall  dams.  The  sheeting 
used  was  the  Wakefield  pattern,  and  was  built  up  of  a  4x12 
tongue  piece  and  3x12  sides,  and  were  3d  ft.  long.  The  frame  for 
the  coffer  dams  consisted  of  a  row  of  piles  driven  about  4  ft. 
center  to  center  around  the  foundation,  with  three  12x12  wales 
bolted  on  the  outside.  These  were  placed  o  It.  center  to  center. 
vertically,  over  each  other, 

Sheet  piles  were  driven  with  a  3000-lb.   hammer  running 


CONSTRUCTION  OF  BRIDGE  PIERS.  4a 

in  short,  pony  leads  blocked  cut  in  front  of  the  leads  on  an  Or- 
dinary barge  pile  driver. 


The  coffer  dams  for  all  piers,  except  (lie  pivot  piei 
rectangular,  and  were  braced  across  the  inside. 
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In  the  case  of  the  pivot  pier,  the  foundation  which  rests  on 
370  piles  is  octagonal  in  shape,  and  the  cnffer  dam  was  made  to 
conform  to  it,  except  that  two  of  the  alternate  down-stream  sides 
were  extended  to  form  a  right  angle,  and  the  additional'  area 


thus  obtained  was  used  to  form  a  sump-  h<">lc.  It  was  originally 
intended  to  have  this  point  up  stream,  but  in  order  to  hotter  pro- 
tect the  pumping  plant  from  boats,  rafts  and  drift,  it  was  placed 
down  stream,  so  that  the  pump  barge  could  be  anchored  below 
the  coffer  dam. 
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The .  foundation  piles  for  the  pivot  piers  were  driven  first 
in  the  open  water.  The  first  piles  were  accurately  located  by  two 
transits  on  two  different  base  lines,  and  a  third  on  a  line  parallel 
to  center  of  track  as  a  check  on  the  other  two.  As  soon  as  sev- 
eral rows  of  piles  were  driven,  a  submerged  circular  saw  was 
started,  cutting  them  off  below  low  water.    This  saw  was  fixed 


on  the  end  of  a  vertical  shaft,  the  bearings  of  the  shaft  being 
bolted  to  a  heavy  vertical  timber  which  could  be  raised  or  lowered 
in  the  leads  of  a  pile  driver  mounted  on  a  barge. 

The  frame  piles  for  the  coffer  clam  were  next  located  by  the 
same  method  as  the  first  foundation  piles.  Outside  walt-s  f  t  the 
octagonal  dam  were  the  same  as  for  the  reel  angular  dams.    The 
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inside  bracing  consisted  of  a  12x14  wil]e  bolted  to  the  inside  of 
piles  just  above  the  water.  The  sides  and  corners  of  the  dam 
were  trussed  and  bolted,  as  shown  in  plan,  so  as  to  form  a  cir- 
cular arch-like  resistance  to  the  pressure  on»th«  outside. 
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All  material,  both  for  sheet  piles  and  waling  was  Southern 
Long  Leaf  Yellow  Pine.  The  outside  of  the  dam  was  banked 
with  soft  mud  about  half  way  up  to  the  water  line. 
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The  first  three  feet  of  concrete  in  the  foundation  was  com- 
posed of  one  part  cement,  two  of  sand  and  three  of  stone.  It 
was  lowered  through  the  water  by  means  of  bottom-dump  buck- 
ets. The  water  was  then  pumped  out  with  a  single  io-inch  cen- 
trifugal pump,  there  being  no  leak  of  any  consequence.    The  shaft 


LowwAr£n 


of  the  pivot  pier  is  circular,  sides  batter  one- fourth  of  an  inch  in 
one  foot.  At  the  base  it  is  47  ft.  6  in.  in  diameter.  The*  inside 
is  a  hollow  cylinder  30  ft.  in  diameter,  with  a  dome  top  and  in- 
verted dome  at  the  bottom. 


48  THE  NEBRASKA  BLUE  PRINT. 

Four  drain  pipes  are  placed  below  low  water  line  so  as  to 
allow  the  water  to  pass  in  and  out  of  the  pier  as  the  river  stage 


varies.  The  frames  for  the  pier  were  all  built  on  shore  in  sec- 
tions, and  afterward  taken  to  the  pier  silc  and  put  in  place  with 
a  derrick. 
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Eighteen  thousand  linear  feet  of  three-quarters  of  an  inch 
corrugated  bars  were  used  in  re-enforcing  the  concrete.  A  net- 
work of  bars  spaced  two  feet  center  to  center  were  located  in 
the  foundation,  another  in  the  footing,  another  just  above  the 
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dome,  and  another  in  the  top  of  the  coping.  Bars  were  also 
placefi  two  feet  apart,  both  horizontally  and  vertically,  six  inches 
from  the  outside  face  of  the  pier. 

The  mixing  plants  used  on  the  river  piers  consisted  of  Smith 
mixers  mounted  on  barges,  with  a  stiff-Ice  derrick  on  one  end 
of  the  barge  to  handle  the  material  from  the  supply  barges  to 
the  mixer,  and  one  on  the  other  end  to  handle  the  concrete  from 
the  mixer  to  the  forms.  Material  was  transferred  from  the  shore 
to  the  mixing  plant  by  means  of  a  steam  boat  and  supply  barges. 
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Upon  the  completion  of  the  work  the  coffer  dams  for  the  inner 
piers  were  all  pulled. 

At  several  places  in  the  Mississippi  Valley  double  track 
concrete  piers  are  being  built  at  the  present  time.  They  are  all 
of  the  I.  C.  standard  design,  having  pointed  ends  formed  by  the 
intersection  of  two  circles.  Faces  are  battered  one-half  an  inch 
in  one  foot,  and  the  ends  of  the  noses  are  battered  to  conform  to 
the  sides.  All  piers  now  being  built  are  on  pile  foundations,  the 
piles  intended  to  take  the  entire  loading. 

At  Wickliffe,  Kentucky,  where  two  piers  are  being  con- 
structed, the  underlying  material  is  a  very  tenacious  light-colored 
clay,  locally  known  as  "rubber  clay."  On  being  worked  or  han- 
dled, it  becomes  very  soft  and  sticky,  and  is  impervious  to  water. 
The  sheeting  used  in  this  material  is  a  single  row  of  tongued  and 
grooved  3x12,  which  are  20  feet  long,  and  is  found  to  be  so  sat- 
isfactory that  it  will  be  extensively  used  on  work  of  a  similar 
nature.  The  coffer  dams  are  62x21  ft.  and  18  ft.  deep.  The 
frames  consist  of  three  rows  of  8x10  wales,  placed  one  above 
the  other. 

For  driving  the  sheeting,  a  driver  was  constructed  very 
similar  to  the  one  shown  on  page  48,  Fowler's  "Ordinary  Foun- 
dations," except  that  the  hammer  weighs  about  600  lbs.,  and  in 
the  absence  of  suitable  steam  power,  a  more  or  less  economical 
Southern  combination,  a  negro  and  a  team  of  mules,  were  used 
to  operate-  the  hammer.  In  general,  pile  foundations  are  designed 
so  that  the  loading  on  each  pile  does  not  exceed  15  tons,  where 
piles  are  to  take  the  entire  load.  The  tops  of  the  piles 
are  cut  off  below  the  low  water  line.  Piles  are  driven  so 
that  the  sustaining  power,  computed  by  the   familiar   formula 

2  w  h 

,         is  about  30  tons. 

Concrete  in  foundations  supported  by  piles  is  re-enforced 
by  network  of  corrugated  bars  spaced  2  ft.  center  to  center,  both 
ways.  Concrete  foundations  and  pier  shafts  is  generally  com- 
posed of  one  part  standard  Portland  cement  to  three  parts  of 
clean,  sharp  sand,  and  six  parts  of  stone. 

Copings  are  composed  of  1-2-4  concrete,  and  re-enforced 
with  corrugated  bars.    A  facing  of  mortar,  composed  of  one  part 
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cement  and  two  parts  of  sand,  is  used  on  all  exposed  concrete 
surfaces. 

In  general,  concrete  is  mixed  and  placed  so  wet  that  a  great 
deal  of  tamping  is  not  required. 

Machine  mixers  are  required  wherever  warranted  by  the 
importance  and  size  of  the  work. 


Gas  Engine  Economy. 


L.  A.  Sheldon,  L.  W.  Turner.  D.  L.  Mills. 


These  tests  were  made  in  the  spring  of  1905  by  L.  W. 
Turner,  L.  A.  Sheldon  and  D.  L.  Mills  for  the  purpose  of  de- 
termining the  conditions  of  best  efficiency. 

The  method  adopted  was  to  run  a  series  of  tests  varying 
one  condition  and  keeping  the  rest  constant.  Four  such  series 
were  run.  The  variables  being  temperature  of  jacket,  water, 
mixture  of  gas  and  air,  point  of  ignition  in  degrees  back  of  dead 
center,  and  compression. 

All  of  the  measuring  instruments  were  carefully  calibrated 
so  that  the  results  are  as  accurate  as  possible,  and  it  is  safe  to 
assume  that  they  are  correct  within  three  per  cent. 

The  engine  used  was  built  by  the  Springfield  Gas  Engine 
Co.,  of  Springfield,  Ohio,  U.  S.  A.  It  is  rated  at  8  B.  H.  P.  at  a 
speed  of  260  R.  P.  M.,  occupies  a  floor  space  of  72"  by  42"  and 
weighs  2400  pounds.  It  is  of  the  ordinary  horizontal  type,  hav- 
ing a  cylinder  of  7"  diameter  and  12"  stroke,  water  jacketed 
from  end  to  end  with  the  head  cored  out  for  cooling.  The  pis- 
ton is  of  the  trunk  type  with  four  compression  rings  turned  con- 
centric with  tihe  cylinder.  The  inlet  and  outlet  valves  are 
mounted  on  removable  castings.  The  preliminary  exhaust  con- 
sists of  a  port  or  opening  cut  in  the  side  of  the  cylinder  which  is 
uncovered  by  the  piston  just  before  it  reaches  the  outer  end  of 
the  stroke;  thus  the  exhaust  valve,  which  is  opened  by  a  cam, 
has  only  to  open  against  a  slight  back  pressure  and  release  the 
burnt  gas  remaining,  displaced  by  the  piston  after  the  pre- 
liminary port  is  closed. 

The  heat  given  up  to  the  jacket  water  was  determined  by 
taking  the  weight  of  water  passing  through  and  the  tempera- 
ture before  and  after  going  through  the  jacket.  The  water  was 
taken  from  the  city  mains,  and  on  account  of  its  variable  pres- 
sure, it  was  difficult  to  keep  the  temperature  constant. 
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The  exhaust  from  the  engine  was  so  arranged  that  a  part 
was  passed  into  a  chamber  built  of  common  brick  laid  without 
mortar.  The  amount  of  gas  entering  was  just  enough  to  produce 
atmospheric  pressure  in  the  chamber.  The  temperature  was 
taken  at  this  pressure.  From  this  the  heat  rejected  to  exhaust 
was  calculated.  The  gas  used  was  measured  by  means  of  a 
Westinghouse  No.  i  wet  gas  meter.  A  gas  bag  was  placed  be- 
tween the  engine  and  meter  to  take  care  of  the  fluctuations  in 
pressure.  The  pressure  and  temperature  of  the  gas  taken  as 
it  left  the  meter. 

The  air  used  was  supplied  by  a  small  Buffalo  fan  blcwer 
which  passed  the  air  through  a  meter  (Westinghouse  No.  3)  so 
that  the  air  used  could  be  accurately  measured.  Between  the 
blower  and  the  meter  a  safety  valve  was  placed  so  that  any  de- 
sired pressure  could  be  maintained.  The  temperature  was  taken 
near  the  blower. 

The  indicated  horsepower  was  found  from  cards  taken  with 
Tabor  outside  spring  indicators.  The  reducing  motion  was  of 
the  pendulum  type. 

The  brake  used  was  built  from  the  plans  given  by  E.  C. 
Oliver,  in  Vol.  XXIV  of  the  American  Society  of  Mechanical 
Engineers. 

A  cast  iron  water  cooled  brake  wheel  16"  in  diameter  was 
used  to  brake  on.  The  brake  shoes  were  of  soft  wood  (poplar) 
backed  by  a  2"  piece  of  maple,  J/2"  thick,  alternating  strips  form- 
ing the  bearing  surface.  The  strips  were  slightly  inclined  across 
the  face  of  the  shoe,  the  object  being  to  insure  smooth  and  even 
lubrication.  This  brake  gave  excellent  satisfaction,  as  it  was 
easy  to  regulate  and  would  keep  a  constant  load  with  very  little 
attention. 

Ignition  was  accomplished  by  an  Apple  Ignition  Dynamo, 
built  by  the  Dayton  Electrical  Co.,  of  Dayton,  Ohio.  The  dyna- 
mo charges  a  storage  battery  while  running  and  the  static  charge 
is  used  in  starting  the  engine.  When  it  is  up  to  speed  the  bat- 
tery is  cut  out  and  the  charges  ignited  from  the  dynamo.  The 
time  of  ignition  is  governed  by  hand,  the  apparatus  consists  of 
a  disc  graduated  to  degrees,  on  the  cam  shaft.  The  zero  of 
readings    corresponding  to  the  inner  dead  center  while  at  rest. 
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The  point  of  ignition  is  varied  by  moving  an  anp  carrying  a 
copper  brush  which  makes  contact  with  another  strip  on  a  rubber 
disc. 

The  compression  was  varied  by  making  the  connecting  rod 
of  a  length  such  that  the  largest  clearance  was  about  Co  per  cent, 
and  the  smallest  clearance  about  25  per  cent. 

On  account  of  the  valves  the  piston  could  not  be  made  to 
extend  any  farther  back  in  the  cylinder  so  a  hollow  cast  iron 
plug  was  screwed  into  the  back  end  of  the  piston  to  reduce  the 
clearance.  On  account  of  the  preliminary  exhaust  port  a  guard 
was  made  and  put  on  the  end  of  the  piston  so  as  to  make  it  un- 
cover the  preliminary  exhaust  port  at  the  proper  time. 

The  first  test  was  run  with  the  largest  clearance  possible 
and  for  each  following  test  a  liner  was  added  to  the  length  cf  the 
connecting  rod  and  a  corresponding  amount  cut  off  the  guard 
controlling  the  preliminary  exhaust  port. 

The  clearance  was  measured  after  each  test  by  filling  the 
clearance  space  with  water  and  correcting  fcr  temperature..  The 
speed  of  the  engine  was  kept  constant  during  each  test  by  means 
of  an  inertia  governor.  The  R.  P.  M.  were  taken  by  means  of 
a  continuous  counter  attached  to  the  secondary  shaft.  The  num- 
ber cf  admissions  were  recorded  by  a  continuous  counter  at- 
tached to  the  intake  valve.  The  gas  was  tested,  after  each  day 
of  testing,  with  a  Junkers  Gas  Calorimeter.  The  calorific  value 
in  B.  T.  U.'s  per  cubic  foot  was  corrected  to  correspond  to  a 
temperature  of  6o°  F.  and  a  pressure  of  14.7  pounds. 

Explanation  of  data  given  in  reports : 

I.  The  length  of  the  tests  was  thirty  minutes.  Indicator 
cards  and  temperature  readings  were  taken  every  five  minutes. 
Amount  of  gas  and  air,  total  revolutions,  total  explosions  and 
weight  ol  jacket  water  was  taken  every  fifteen  minutes. 

2 — 24.    Explained  before. 

25.  The  ratio  of  air  to  gas  is  the  ratio  between  these  vol- 
umes standardized  at  6o°  F.  and  14.7  pounds  pressure. 

26.  The  volume  of  "N"  in  the  equation,  PYn=C,  was  ob- 
tained on  most  of  the  cards  from  the  maximum  pressure  and  the 
pressure  at v  release,  with  the  corresponding  volumes.  Where 
the  maximum  pressure  did  not  come  at  the  beginning  of  the 
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stroke,  as  in  the  ignition  tests,  the  pressure  was  taken  late 
enough  on  the  card  to  be  certain  that  it  was  on  the  expansion 
line. 

27 — 33.  The  pressures  given  are  the  averages  of  all  the 
cards  from  a  test. 

The  cards  were  taken  with  two  Tabor  outside  spring  indi- 
cators, one  with  a  forty  pound  spring  and  stop  for  the  suction 
and  back  pressure  lines,  and  the  other  with  a  two  hundred  pound 
spring.  The  mean  effective  pressures  were  obtained  from  the 
cards  by  the  use  of  an  Amsler  Polar  Planimeter. 

The  mean  effective  back  pressure  was  obtained  from  the 
lower  loop  of  the  low  pressure  cards.  The  difference  of  the  two 
gives  the  net  mean  effective  pressure. 

34 — 37.  The  temperature  of  the  exhaust  at  atmospheric  pres- 
sure was  taken  with  a  thermometer  inserted  in  the  exhaust  cham- 
ber. The  temperature  at  release,  compression  and  maximum  ex- 
plosion were  calculated  from  the  pressure  at  the  corresponding 
points  as  explained  in  Hutton's  "Gas  Engines." 

38 — 40.  The  brake  work  in  foot  pounds  was  determined  by 
the  use  of  a  pony  brake.  The  length  of  the  brake  arm  was  39.39 
inches  and  a  constant  load  of  30  pounds  was  kept  on  the  scales. 

42 — 44.  The  indicated  horse  power  was  calculated  from  the 
net  mean  effective  pressure. 

41 — 43.  The  R  T.  lT.  equivalents  were  obtained  by  divid- 
ing the  foot  pounds  of  brake  work  per  hour  by  778,  and  by  mul- 
tiplying the  indicated  horse  power  by  254.5. 

45.  The  mechanical  efficiency  is  the  ratio  of  R  H.  P.  to 
I.  H.  P. 

46 — 47.  The  thermal  efficiencies  for  the  I.  H.  P.  and  R  H. 
P.  is  the  ratio  between  the  heat  equivalent  of  the  work  done  and 
the  total  heat  available. 

48 — 5T.  The  fuel  consumption  per  brake  and  indicated 
horse  power  hour  was  calculated  from  the  amount  of  gas  used 
as  given  by  the  meter.  The  cost  of  power  was  calculated  on  the 
assumption  that  gas  cost  $1.20  per  thousand  cu.  ft. 

52.     Explained  before. 

54.  The  heat  available  was  calculated  from  the  amount  of 
gas  used  per  hour  at  standard  temjXTature  and  pressure. 
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55.  The  heat  used  to  produce  maximum  pressure  was  ob- 
tained from  the  temperatures  at  maximum  explosion  and  com- 
pression, the  amount  of  air,  gas  and  neutrals  in  the  cylinder  per 
stroke,  the  number  of  explosions  and  Cv=.i69i.  Method  ex- 
plained in  Hutton's  "Gas  Engines." 

56.  The  per  cent  of  heat  suppression  is  the  difference  be- 
tween 54  and  55  divided  by  54. 

57.  The  heat  turned  into  work  is  the  B.  T.  U.  equivalent 
of  the  I;  H.  P. 

58.  The  heat  rejected  to  jacket  water  is  obtained  from  the 
range  in  temperature  and  weight  of  jacket  water. 

59.  The  heat  rejected  to  exhaust  is  calculated  from  the  tem- 
perature at  exhaust  and  the  temperature  of  the  charge  after  it 
is  drawn  into  the  cylinder.  This  value  is  given  as  H2  in  Hut- 
ton's  "Gas  Engines." 

60.  The  heat  lost  by  radiation  and  conduction  is  the  heat 
available  less  the  heat  turned  into  work,  rejected  to  jacket  water 
and  rejected  to  exhaust.  This  would  include  any  after  burning 
effect  and  any  leakage  or  other  loss. 

61.  The  value  of  R  was  calculated     from     the     formula 

PV 

-7=—=  R  using  atmospheric  pressure  as  21 17  pounds  per  square 

foot,  the  volume  of  cylinder  and  clearance  in  cu.  ft.  and  the  ab- 
solute temperature  of  the  mixture  of  air,  gas  and  neutrals. 

62.  Explained  before. 
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Features  of  All  Gable  Distribution. 


By  Arthur  Betsey  Smith,  Instructor  of  Telephone  Engineering,  Purdue  University. 


In  the  older  days  of  telephony  the  subject  of  wire  plant  de- 
sign was  not  very  carefully  worked  out.  To  begin  with,  no  one 
had  any  idea  of  the  size  to  which  the  business  would  grow  and 
all  parts  of  the  plant  were  selected  with  only  the  present,  or  the 
very  immediate  future,  in  view.  This  small  beginning  proving 
successful,  the  business  soon  outgrew  the  original  installation  and 
required  a  larger  switchboard,  more  cross  arms  and  more  wire. 

Soon  the  lowest  cross  arm  reached  the  limit  and  longer,  heav- 
ier poles  had  to  be  substituted,  although  the  first  poles  were  yet 
sound  below  the  ground  line  and  had  not  paid  for  themselves. 
It  is  true  that  these  first  poles  were  re-set  elsewhere  as  guy  stubs 
or  on  side  lines,  but  the  cost  of  labor  for  making  the  change  often 
exceeded  the  value  of  the  poles.  This  process  of  rebuilding  has 
been  going  on  in  many  exchanges  all  over  the  country  ever  since 
their  beginning.  Each  year  the  owners  thought  that  the  limit  of 
growth  had  been  reached — each  succeeding  year  saw  the  circle 
of  subscribers  widened  and  the  costly  process  of  rebuilding  re- 
peated. 

That  so  many  good  dollars  should  be  wasted  in  needless 
building  and  rebuilding  is  to  be  regretted,  but  it  is  not  without  a 
cause.  Coupled  with  the  belief  that  the  business  would  not  grow 
much  larger  was  the  shyness  felt  by  moneyed  men  against  giving 
their  support  to  a  new  and  untried  venture.  Again,  the  forms  of 
apparatus  and  methods  of  installation  were  in  an  extremely  un- 
settled state,  due  to  the  inexperience  of  mankind  as  a  whole  in 
dealing  with  this  new  agency.  It  is  therefore  a  cause  for  con- 
gratulation that  no  more  money  was  invested  in  the  older  appa- 
ratus and  methods,  which  have  been  rendered  obsolete  by  the  in- 
ventions of  recent  years.  I  think  we  may  safely  say  that  the 
first  transition  period  has  been  passed,  that  apparatus  and  meth- 
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ods  are  entering  an  age  of  standardization,  and  that  we  may  with 
profit  enlarge  our  view,  count  the  cost  and  build  for  the  future. 

The  time  has  come  when  the  wire  plant  must  be  designed 
as  carefully  as  the  switchboard.  Estimates  must  be  made,  all 
factors  counted  in  and  the  outside  construction  designed  to  ac- 
commodate the  traffic  for  an  indefinite  future  without  radical 
change  in  its  design  or  the  waste  of  labor  or  material.  Additional 
cables  may  need  to  be  pulled  in  but  original  work  should  not 
need  to  be  destroyed  before  it  has  outlived  its  usefulness. 

One  of  the  latest  developments  of  the  wire  plant  is  the  idea 
of  making  the  distribution  entirely  by  means  of  cables,  dispensing 
with  all  open  wires.  The  cable  idea  has  been  used  for  some  time 
in  the  main  leads,  where  to  carry  all  the  circuits  on  cross  arms 
would  be  unsightly,  dangerous,  or  impossible.  The  circuits  were 
always  carried  on  cross  arms  in  the  form  of  open  wires  from  the 
end  of  the  cable  to  the  points  nearest  the  individual  subscribers. 
The  troubles  of  open  wires  need  scarcely  be  enlarged  upon  here. 
Crosses,  short  circuits  and  grounds  are  of  daily  occurrence.  The 
difficulty  of  securing  permission  to  trim  valuable  shade  trees  to 
clear  wires  carried  on  five  io-pin  cross  arms  is  no  small  thing  and 
the  owner  cannot  be  blamed  for  objecting.  Consent  for  the  nar- 
row space  occupied  by  a  50-pair  cable  is  easily  secured. 

To  make  the  entire  plant  in  cable  necessitates  a  certain  density 
of  population,  for  it  is  evident  that  it  will  not  pay  to  string  cable 
for  one  or  two  subscribers  up  numerous  side  streets.  But  the 
advantages  of  having  all  circuits  protected  from  the  elements 
are  great  and  important  enough  to  make  profitable  the  use  of  much 
smaller  cables  than  many  engineers  have  been  accustomed  to 
advise. 

Before  laying  out  an  all  cable  plant  it  is  customary  to  make 
a  preliminary  survey  of  the  city.  This  survey  makes  note  of  the 
number  of  people  in  each  block  and  the  number  of  telephones  al- 
ready in  use.  The  presence  and  nature  of  trees,  the  hills  and 
hollows,  the  character  of  the  soil,  the  location  of  trolley  and  high 
tension  lines  are  very  important  parts  of  the  survey.  A  factor 
often  overlooked  is  the  direction  of  probable  growth  of  residence 
districts  which  may  severely  overload  certain  parts  of  the  cable 
system  at  some  future  day. 

As  much  of  the  above  data  as  is  practicable  should  be  re- 
corded on  a  map  of  the  city  drawn  to  scale.     Especially  to  be 
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noted  are  the  distribution  of  population  and  present  telephones 
and  the  pcles  of  other  companies.  From  this  map  an  estimate  is 
made  of  the  number  of  subscribers  that  may  be  secured  in  each 
block. 

At  this  point  the  question  of  kind  of  service  is  introduced 
in  the  problem.  If  all  subscribers  are  to  be  placed  on  individual 
lines  the  engineer  will  estimate  accordingly.  But  if  party  line 
service  is  to  be  offered  to  the  people,  fewer  circuits  will  need  to 
be  provided  for,  but  each  must  be  available  at  more  than  one 
point.  This  makes  necessary  the  multiple  tap  sistem,  in  which 
each  pair  is  tapped  out  at  as  many  terminal  boxes  as  deemed  ad- 
visable. If  four-party  service  is  considered,  each  pair  designed 
for  such  service  should  appear  at  least  four  times.  As  the  serv- 
ice will  doubtless  be  mixed — individual,  two-party,  four-party, 
and  rarely  ten-party ;  the  pairs  should  be  of  all  grades  of  multi- 
ples. It  should  be  kept  in  mind  that  even  an  individual  line 
should  appear  at  several  points  to  secure  flexibility. 

It  is  a  good  practice  in  party  line  work  to  avoid  placing  two 
subscribers  on  the  same  circuit  if  thev  live  near  each  other. 
People  have  as  a  rule  more  objection  to  being  on  the  same  line 
with  those  they  knew  than  with  total  strangers  who  live  at  a 
distance.  Hence,  the  rule  not  to  put  two  subscribers  on  the  same 
line  if  their  drop  lines  come  out  of  the  same  can.  However,  cases 
often  occur  in  which  the  saving  of  drop  line  make  it  advisable 
to  break  the  rule. 

The  exact  proportion  of  multiplying  is  very  uncertain  and 
must  be  decided  by  local  conditions.  Even  if  the  entire  exchange 
is  to  be  made  up  of  individual  lines,  each  pair  in  the  cable  should 
appear  at  several  places.  But  it  is  my  opinion  that  the  region 
immediately  adjoining  the  exchange  can  be  served  best  by  pairs 
not  multiplcd  with  those  that  run  a  considerable  distance  away. 
Many  of  them  may  be  direct  pairs— appearing  only  once. 

It  is  readily  seen  that  such  a  scheme  presupposes  a  certain 
ultimate  capacity.  This  figure  is  not  as  definite  as  the  capacity  of 
a  switchboard  because  development  docs  not  always  go  in  the  ex- 
pected direction.  The  number  of  subscribers  in  one  locality  may 
increase  much  more  than  expected  while  another  neighborhood 
may  be  scarcely  developed  at  all.  This  gives  rise  to  the  necessity 
of  so  designing  the  cable  lay  out  that  by  running  a  relief  cable 
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from  the  office  to  a  given  junction  point,  the  excess  load  may  be 
carried.  Certain  pairs  that  branch  from  the  old  cable  may  be  cut 
loose  and  spliced  into  the  new  cable,  leaving,  both  old  and  new 
cables  with  considerable  room  to  spare.  The  gain  of  this  oper- 
ation will  be  increased  if  the  old  cable  is  quite  heavily  multiplied, 
especially  beyond  the  junction  point. 

Since  no  open  wire  is  to  be  employed  the  question  of  how 
small  a  cable  we  shall  use  now  comes  up.  The  best  practice 
seems  to  indicate  10  pairs  as  the  limit.  As  far  as  the  first  cost 
goes,  it  may  be  decided  by  estimating  the  number  of  circuits  that 
will  be  used  in  the  near  future.  If  the  cable  is  not  used,  the  cir- 
cuits must  be  carried  in  the  form  of  drop  wire,  that  is,  rubber 
covered  wire,  braided  and  twisted  in  pair.  If  the  cost  of  the  drop 
wire  necessary  to  carry  the  circuits  is  equal  to  the  cost  of  io-pair 
cable,  it  will  pay  to  install  the  cable,  unless  the  run  be  very  short. 
But  if  it  falls  very  much  below,  it  is  doubtful  economy  to  string 
a  io-pair  cable  with  its  added  expense  of  terminal  box,  which  may 
have  to  be  idle  for  years  to  come. 

The  question  of  placing  cable  underground  is  also  of  great 
importance.  For  the  smaller  cables  in  residence  districts  it  is 
vastly  cheaper  and  handier  to  erect  them  on  poles,  but  the  larger 
cables  should  be  accorded  the  protection  of  underground  conduit 
if  it  is  a  possibility  to  do  it.  In  some  cases,  especially  cities 
underlaid  with  rock,  this  may  entail  considerable  expense.  But 
a  single  accident  "to  a  200-  or  300-pair  cable  may  wipe  out  the 
profits  of  years. 

To  protect  the  cable  and  its  connected  apparatus  from  light- 
ning, the  carbon  block  arrester  has  never  yet  been  excelled  and 
should  always  be  installed  in  the  terminal  boxes.  Fuses  should 
also  be  provided  to  take  care  of  heavy  current. 

The  arrangement  of  guy  wires  is  of  the  utmost  importance, 
especially  when  the  cable  runs  in  the  neighborhood  of  power  lines. 
Leakage  from  these- circuits  is  always  seeking  a  good  path  to  earth 
and  as  the  cable  sheath  is  nearly  always  in  good  connection  with 
the  same,  it  frequently  suffers. 

The  following  case  came  under  my  observation  and  illus- 
trates this  point  very  forcibly  : 

On  a  certain  pole,  the  cable  supplying  the  terminal  box  came 
up  from  underground  along  the  side  of  the  pole  and  was  covered 
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by  a  galvanized  iron  cover.  Near  the  top  of  the  pole  an  eyebolt 
passed  through  with  the  washer  and  nut  in  contact  with  the  gal- 
vanized cover.  A  guy  was  fastened  in  the  eye  of  the  bolt  running 
obliquely  downward  to  another  pole  occupied  jointly  by  the  street 
railway  and  the  fire  alarm,  where  it  was  attached  by  being  wrap- 
ped around  the  pole.  A  fire  alarm  signal  box  was  mounted  below 
the  attachment  of  the  guy,  with  a  pipe  extending  both  down  into 
the  earth  and  up  toward  the  top,  which  pipe  carried  the  wires.  An 
insulating  joint  was  inserted  a  short  distance  below  the  box,  ef- 
fectually insulating  the  box  and  upper  pipe  from  the  earth.  The 
upper  pipe  rested  against  the  telephone  guy  and  also  against  the 
suspension  wire  of  the  street  railway.  The  latter  had  a  strain 
insulator  which  insulated  the  trolley  wire. 

But  one  morning  in  a  thunder  storm  this  strain  insulator 
•failed,  and  allowed  the  500-volt  trolley  current  to  flow  along  the 
suspension  wire  to  the  fire  alarm  pipe.  Passing  down  the  pipe  it 
crossed  to  the  telphone  guy,  up  the  guy,  through  the  eyebolt,  on 
to  the  galvanized  iron  cover,  clown  to  the  first  point  where  the 
cover  touched  the  cable.  From  its  contact  with  the  cable  the 
path  to  earth  was  good,  but  the  cable  was  burned  off  at  the  con- 
tact point.  The  faulty  strain  insulator  was  consumed  and  a  hole 
burnt  in  the  galvanized  cover. 

Great  care  should  be  exercised  to  insure  that  no  such  set  of 
combinations  can  exist,  for  sooner  or  later  it  may  cause  trouble, 
no  matter  how  round-about  the  path  may  be.  The  only  safety 
is  in  having  all  guys  absolutely  clear. 

Almost  as  bad  is  the  annoyance  caused  by  trees  rubbing  holes 
in  the  cable  sheath.  While  for  a  town  full  of  shade  trees,  the 
cable  lead  requires  far  less  trimming  than  an  open  wire  lead,  this 
does  not  mean  that  we  may  put  up  ourcable  without  any  trimming. 
A  branch  of  suitable  size  resting  on  the  sheath,  or  one  that  may 
blow  against  it  with  the  wind,  will  rub  its  way  through  the  lead, 
and  let  in  the  wet  at  the  least  desirable  time.  The  cable  should 
hang  clear  of  all  branches  at  all  times — a  point  that  cannot  be  too- 
strongly  emphasized.  The  smaller  sizes  of  cable  are  especially 
susceptible  to  this  danger,  the  10-pair  being  the  worst.  In  cases 
where  permission  to  trim  cannot  be  secured,  a  wooden  or  metar 
shield  may  be  placed  around  the  cable,  firmly  clamped  to  the 
messenger.    The  shield  must  be  of  ample  length,  for  if  too  short,. 
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the  limb  of  the  tree  will  swing  past  the  end,  catch  on  the  return 
motion  and  in  time  cause  serious  damage.  The  use  of  a  tree 
shield  is  only  an  expedient  and  should  never  be  used  if  it  is  a 
possible  thing  to  get  a  permit  to  trim.  But  the  main  point  is  to 
protect  the  cable.  It  is  in  the  outside  plant  where  the  losses  of  an 
exchange  come  in,  and  it  must  be  jealously  watched  and  cared  for. 

On  the  whole,  the  advent  of  the  all  cable  system  has  brought 
to  the  front  a  number  of  interesting  points.  The  investment  at 
the  start  is  somewhat  heavy  and  some  parts  of  the  cable  lay  out 
may  run  for  a  number  of  years  before  returning  proper  interest 
on  the  money  invested.  Since  the  whole  of  the  outside  wires  is 
in  the  form  of  cables,  the  question  of  cable  troubles  will  be  the 
most  important  in  maintenance.  These  are  more  difficult  to  locate 
and  repair  than  open  wire  troubles,  and  if  not  properly  installed, 
cable  will  be  an  endless  source  of  trouble.  Trees  will  be  con- 
tinually rubbing  holes  into  the  sheath  especially  on  the  smaller 
cables  which  run  up  side  streets,  and  a  hole  means  the  wetting  of 
all  the  pairs  in  that  branch,  affecting  also  all  the  pairs  to  which 
they  are  multiplied.  The  subscribers'  lines  will  have  a  higher 
capacity  than  if  a  considerable  portion  were  open  wire,  and  this  is 
not  advantageous  when  long  distance  telephony  is  considered,  al- 
though it  may  allow  good  local  service. 

If,  on  the  contrary,  the  cable  is  well  put  up,  properly  bonded 
in  the  underground,  properly  guyed  in  the  erial,  guys  clear  from 
danger  of  crosses,  sheath  clear  from  trees  or  fully  protected,  all 
splices  conscientiously  boiled  out  and  sealed  up,  and  proper  elec- 
trical protection  provided  in  the  terminal  boxes  the  line  troubles 
will  be  practically  nothing.  The  absence  of  crosses,  shorts,  and 
grounds  will  be  appreciated  by  the  manager  as  well  as  the  trouble- 
man.  New  subscribers  are  more  readily  connected,  as  the  only 
line  to  be  strung  is  the  twisted  pair  from  the  terminal  box  to  the 
house.    It  reduces  the  bugbear  of  moving  subscribers. 

The  depreciation  is  very  low.  In  a  word,  the  total  cost  of 
operation  and  maintenance  is  materially  reduced. 

In  these  days  more  attention  is  being  paid  to  details  and  more 
conscience  is  being  put  into  the  execution.  In  view  of  this  I 
believe  that  the  future  will  see  the  number  of  all  cable  plants 
very  much  increased. 


The  Calculation  of  Forfeits  or  Bonuses  for  High 

Duty  Pumping  Engines. 


By  Prof.  C.  R.  Richards. 


Modern  high  duty  pumping  engines  are  wonderfully  effi- 
cient machines.  The  uniformity  of  load  and  the  continuity  of 
service  is  conducive  to  the  highest  sustained  thermal  efficiencies. 
Manufacturers  of  such  machines  have  used  every  possible  method 
of  decreasing  the  consumption  of  heat,  and  in  consequence,  a 
high  duty  pumping  engine  is  a  very  expensive  piece  of  apparatus. 
If  the  saving  of  fuel  secured  by  such  a  pump  will  yield  a  sub- 
stantial return  on  the  investment  necessary  in  excess  of  that  re- 
quired by  a  cheaper  and  less  efficient  pump,  then,  and  only  then, 
is  the  purchase  of  the  more  expensive  machine  justified.  Assum- 
ing that  the  purchaser  has  determined  that  a  certain  duty  is  nec- 
essary Co  warrant  the  purchase  of  so  expensive  a  machine,  he 
must  be  given  some  reasonable  assurance  that  this  duty  will  ac- 
tually be  attained  in  service.  A  failure  to  reach  this  predeter- 
mined duty  is  an  actual  damage  to  the  purchaser,  and  he  should 
be  reimbursed  for  such  damages  as  can  fairly  be  shown  to  have 
been  incurred.  On  the  other  hand,  if  a  predetermined  duty  will 
yield  a  profitable  saving  to  the  purchaser,  a  higher  duty  will 
actually  increase  his  net  saving  or  profit,  and  he  can.  afford  to 
give  a  bonus  to  the  manufacturer  who  is  able,  by  the  superior 
design  and  workmanship  of  his  machine,  to  produce  a  more  effi- 
cient pump  than'  had  been  called  for. 

In  the  preparation  of  specifications  for  pumping  engines,  it 
is  not  uncommon  to  require  a  guarantee  of  a  certain  number  of 
Jo  uoijdumsuoD  b  q;iAv  auop  aq  o;  ^joav  jo  spunod-}ooj  jo  suoimui 
one  hundred  pounds  of  coal,  or  one  thousand  pounds  of  steam, 
or  preferably,  of  one  million  British  thermal  units.     It  is  often 
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further  specified  that  should  the  actual  duty  developed  during  the 
duty  trial  be  below  that  guaranteed,  a  forfeit  shall  be  deducted 
from  the  contract  price,  and  should  the  duty  exceed  that  guar- 
anteed, a  bonus  shall  be  paid  by  the  purchaser  to  the  manufac- 
turer. The  problem  of  calculating  the  forfeit  or  bonus  is  a  some- 
what interesting  problem  in  engineering  finance. 

Let  D=the  guaranteed  duty  in  millions  of  foot-pounds  of 

work  done  per  million  B.t.u.  :s  consumed. 

W=the  actual  work  done  per  day  in  foot  pounds=the 

total  weight  of  water  lifted  in  24  hours  multiplied 

by  the  total  head  or  height  lifted. 

n=the  number  of  million  foot  pounds  of  work  done  in 

excess  of,  or  below  the  guarantee. 
H=the  total  heat  per  pound  of  steam,  under  the  condi- 
tions of  initial  and  back  pressure  or  feed  water  tem- 
perature named  in  the  guarantee.    The  feed  water 
temperature  would  generally  be  considered  the  same 
as  the  temperature  corresponding  to  that  of  satur- 
ated steam  under  the  back  pressure  on  the  engine. 
E=the  number  of  pounds  of  water  evaporated  in  the 
boilers  per  pound  of  coal,  under  ordinary  conditions, 
of  service. 
C=the  cost  of  coal  in  dollars  per  ton  of  2000  pounds. 
d=depreciation  of  pumping  engine  in  hundredths. 
r=repairs  on  pumping  engine  in  hundredths. 
i=interest  on  investment  in  hundredths. 
Evidently : 

W 

yr-=the  heat  consumption  in  million  B.  t.    u.    per   day 

under  the  duty  guaranteed. 

W 
and  -—  .       =the  heat  consumption  for  any  other  duty   above   or 

—         below  the  guarantee. 
If  n  be  below  the  guarantee,  the  extra  heat  required  per  day, 
in  excess  of  the  guarantee  will  be 

Y__    W_  W     _  n    W 

A~D^     _     IT    ~~       ~~     D(D-n)mill,0nBt*u-ancr 

the  yearly  cost  of  extra  coal  will  be 

360  X  C         _      0.18  X    C     A  „ 

dollars. 


2000  HE  H   E 
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Since  this  expense  will  be  incurred  yearly  during  the  life  of 
the  pump,  or  1/d  years,  the  total  damage  because  of  the  failure 
to  meet  the  guarantee — i.  e.,  the  forfeit — is 

X   C 

0.18  TT  ^   .    dollars. 
H  E  d 

The  full  sum  of  the  damage  might  be  deducted  from  the 

contract  price,  or,  if  the  purchaser  is  willing  to  "discount"  the 

above  forfeit  for  cash,  the  actual  forfeit  would  be  such  as  would 

at  the  end  of  1/d  years  at  compound  interest,  equal  the  above 

total  damage,  or  on  this  basis,  the  forfeit  would  be 

X    C  1 

0.18  — — —-—. — ;■.— .— 7T—    "T  dollars. 
H    E   d    (1  +  i)       d 

It  is  probable  that  in  general,  the  full  amount  of  the  damage 
would  be  collected,  rather  than  the  discounted  damage.  This 
might  be  considered  as  an  extra  penalty  for  failure  to  meet  the 
guarantee. 

Should  the  duty  developed  be  above  the  guarantee,  then  the 

heat  saved  per  day  will  be 

v_    W  W        _  n     W  ....       p    f 

Y-—  -    --^    _-T][)T-r  million  B.t.u. 

and  the  total  saving  per  year  would  be 

Y   C 

0.18  TT  ^     dollars. 
H  E 

Now,  obviously,  this  saving  represents  to  the  purchaser  the 
returns  from  an  investment  which  yields  i  interest,  and  which  is 
subject  to  an  average  depreciation  and  repair  rate  of  d-f-r,  hence 
the  value  of  the  extra  investment  or  the  bonus, — is 

Y   C 

0.18  — ,_  ^  .  .    , .--  tt —    dollars. 

H  E  (d  +  r  +  i) 

If  the  duty  were  expressed  in  terms  of  steam  used,  then 
X  and  Y  would  be  thousands  of  pounds  of  steam,  and  the  forfeit 
or  bonus  would  be  respectively 

X    C  Y    C 

0.18  £- r-    and   0.18 


Ed  "  ~  ""  E  (d  +  r  +  i) 
An  inspection  of  the  values  of  X  and  Y  shows  that  they 
decrease  with  increasing  values  of  D  for  a  constant  value  of  n ; 
and  further  that  X  increases  and  Y  decreases  with  n.  Generally 
the  bonus  or  forfeit  is  specified  as  so  many  dollars  for  each  mil- 
lion foot-pounds,  or  major  fraction  thereof,  above  or  below  the 
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guarantee..  It  should  be  noted,  however,  that  X  and  Y,  and 
hence  the  forfeit  or  bonns,  can  only  be  exactly  determined  when 
n  is  known.  The  difference  is  small,  and  the  forfeit  or  bonus 
per  million  foot  pounds  departure  from  the  guarantee  can  be  de- 
termined with  sufficient  accuracy  by  assuming  n=i. 

As  an  illustration  of  the  application  of  the  above  principles, 
the  30,000,000  gal.  pumping  engine  furnished  the  City  of  Boston 
for  their  Chestnut  Hill  Station  by  the  Allis-Chalmers  Co.,  was 
guaranteed  to  give  a  duty  of  150,000,000  foot-pounds  per  1,000 
pounds  of  commercially  dry  steam,  when  pumping  at  its  rated 
capacity  against  a  head  of  140  feet.  The  specifications  provided 
for  a  bonus  of  $1,000.00  for  each  million  foot-pounds  above  and  a 
forfeit  of  $2,000.00  for  each  million  foot-pounds  or  fraction  there- 
of below  the  guarantee.  While  the  writer  is  not  familiar  with 
the  method  employed  to  determine  these  sums,  a  close  approxi- 
mation is  obtained  as  follows :  Assuming  d=.05 ;  i=.oi ;  «n=i ; 
E=io  lbs.;  C=$4.oo;  W=30,ooo,ooo  x  7.5  x  140  equals  31,- 
500,000,000  foot  pounds  per  day.  Therefore: 
,» ift  Y   C  _18  x  31500  x   4    x  1000  x  100  _  t 

°'1*   E  (d  +  r  +  i)  "lOOx      150  x  151x      10 x    10  "  *1Wl6Z 
.   A  ,0     X    C  18  x  31500  x   4   x  1000  x  100       ^^  KO 

and  0.18  -^-j-       =100x      150x i«rr-lo ~5  =  $2°29'53 

It  is  interesting  to  note  that  the  duty  obtained  with  the 
above  pump  was  176,051,500  foot-pounds  per  1,000  pounds  of 
moist  steam,  and  that  the  bonus  earned  was  consequently  $26,- 
051.50.  The  duty  per  1,000  pounds  of  dry  steam  was  178,497,000 
foot-pounds,  and  per  1,000,000  B.  t.  u.  was  163,925,300  foot- 
pounds. 


Gear  Tables. 


The  first  two  pages  of  calculations  were  compiled  by  the 
writer  several  years  ago  while  actively  engaged  in  gear  design- 
ing and  were  put  in  this  form  for  convenient  reference. 

The  proportions  here  given  have  been  used  with  all  classes 
of  gears  for  mill  work  and  have  given  entire  satisfaction. 

The  third  page  of  calculations  were  made  by  the  students 
in  Mechanism,  being  carefully  checked  and  put  into  the  present 
form  by  Mr.  A.  R.  Wilson  to  whom  full  credit  should  be  given. 

The  dimensions  refer  to  cast  gears  only,  and  would  therefore 
not  be  suitable  where  back  lash  or  noise  would  be  objectionable. 

Yours   trulv, 

THOMAS  DAVIS. 


GEAR  TABLES,    j   ' 
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GEAR  TABLES. 


Practical  Method  of  Constructing  Concrete 

Curb  and  Gutter. 


Surveying.  The  ordinary  ethods  of  surveying  obtains  here. 
Corners  must  be  carefully  looked  up  and  monuments,  if  any  in 
the  street,  tied  out  in  the  customary  way.  Stakes  must  be  set 
for  the  contractor,  these  will  serve  both  for 

Line  and  grade  stakes.  These  should  be  good  two  inch 
oak  stakes  (see  G  of  the  sketch)  and  set  firmly  behind  the  curb, 
two  feet  back  from  the  face  of  the  curb  gives  good  results. 
They  should  be  driven  exactly  to  grade  and  tacked  true  to  line. 
A  good  plan  is  to  first  put  in  the  stakes  at  each  block  corner  and 
"shoot"  in  the  intermediates  abcut  fifty  feet  apart  by  fixing  the 
target  on  the  rod  at  the  height  of  the  instrument  above  the  stake 
over  which  it  stands,  then  set  the  rod  with  its  fixed  target  upon 
the  corner  stake  at  the  other  end  of  the  block,  sight  the  instru- 
ment on  the  target  and  clamp.  Set  all  the  intermediate  stakes 
to  the  same  target.  Also  while  the  transit  is  set,  put  in  the  line 
tacks.  It  is  important  that  these  stakes  be  set  to  the  exact  grade 
of  the  top  of  the  curb,  even  though  holes  have  to  be  dug  to  do 
so.  A  post  hole  auger  will  prove  of  service  in  such  cases,  and 
long  stakes  should  be  provided  for  places  requiring  to  be  filled. 

Grading  the  street.  The  soil  should  be  taken  out  to  within 
about  two  inches  of  the  finished  sub-grade,  conforming  exactly 
to  the  crown  of  the  street.  In  case  of  a  fill,  the  earth  should  be 
spread  in  layers  of  six  or  eight  inches  and  each  layer  rolled  to 
prevent  further  settling  after  the  pavement  has  been  laid. 

Rolling.  After  the  grading  is  within  the  two  inches  above 
spoken  of  a  twelve  or  fifteen  ton  steam  roller  should  be  run 
over  the  street.  It  is  surprising  how  many  soft  places  will  be 
found.  Ditches  made  for  gas  pipes  years  before  will  settle 
under  the  heavy  roller.  All  such  depressions  will  be  filled 
and  rerolled.     The  rolling  should  extend  at  least  a   foot  over 
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the  space  to  be  excavated  for  the  curb  and  gutter.     If  the  rolling 
is  thorough  at  this  time  no  further  rolling  will  be  necessary. 

Excavating  Under  the  Curb  and  Gutter.  The  line  and  grade 
stakes  being  in  position  it  is  an  easy  matter  for  the  foreman  to 
measure  over  the  proper  distances,  set  stakes  and  with  a  spirit 
level  get  the  right  height  to  fasten  his  lines  for  the  excavators. 
These  with  their  shovels  dig  out  the  earth  to  the  required  depth, 
each  one  having;  a  stick  to  measure  clown  from  the  lines  set  by 
the  foreman.  The  excavated  earth  is  thrown  on  the  bank  out- 
side the  curb  to  be  later  used  for  covering. 

Forms.  Three  inch  commercial  size  Oregon  Fir  lumber 
dressed  upon  both  sides  to  two  and  one-half  inches  will  make 
good  forms.  Stiff  forms  are  absolutely  essential  to  good  work 
and  then  the  use  of  stiff  plank  is  good  economy  as  labor  and 
time  are  saved  in  driving  stakes  and  as  nailing  is  not  necessary  the 
planks  can  be  used  over  again  without  destruction.  The  sketch 
and  photographs  will  show  the  general  character  of  the  forms. 
Division  sheets  made  of  three-sixteenths  inch  steel  answer  also 
for  templets.  Each  back  board  and  each  gutter  board  is  notched 
to  receive  these  templets,  which  in  turn  hook  over  the  boards 
thus  helping  to  hold  the  forms  to  place.  The  gutter  and  back 
boards  have  holes  bored  in  their  ends  in  which  one-half  inch 
iron  pins  are  inserted  to  hold  the  beards  in  line  with  each  other. 
The  planks  should  be  made  so  that  they  may  be  used  either 
s.de  to  the  v/et  concrete  then  by  frequent  changing  warping  to 
a  great  extent  will  be  prevented.  The  same  statement  is  true 
of  face  boards. 

Setting  the  forms.  Measure  over  the  proper  distances 
from  the  line  stakes  and  drive  good  solid  stakes,  and  let  them 
extend  three  or  four  inches  higher  than  the  gradestakes.  Stretch 
a  tight  line  between  these  exactly  over  the  edge  of  the  back 
board,  set  the  back  boards  to  approximate  position  and  stake 
at  ends  and  middle  true  to  the  stretched  line,  the  stake  may 
cover  the  joint  between  the  boards  thus  one  stake  will  answer 
for  two  boards.  Shim  up  these  back  boards  to  place  with  bits 
of  stone,  or  better,  brick,  and  continue  to  adjust  till  true  to 
line  and  grade.  Three  sighting  sticks  will  be  of  advantage. 
Set  both  ends  of  a  block  of  back  boards  to  grade  \\'\\\\  ^  s\Jvc\\. 


t_ 
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level  (see  sketch.)  Fasten  a  sighting  stick  up  on  one  end,  take 
a  second  stick  to  the  other  end  and  by  sighting  at  the  first,  direct 
a  w.orkman  who  holds  the  third  stick  on  top  of  the  back  board 
and  shims  up  the  plank  until  a  true  line  is  attained.  The  back 
boards  thus  lined  up  should  be  checked  at  each  line-grade  stake. 
Having  the  back  board  in  place,  which  is  the  most  particular  part 
of  the  work,  the  gutter  planks  are  next  set  and  leveled  up  by 
an  L-shaped  gage  stick  and  a  spirit  level.  The  L  seen  lying  on 
the  ground  in  the  sketch,  is  then  placed  on  the  gutter  board  and 
the  other  end  on  the  back  board,  the  level  upon  the  whole,  and 
shimed  to  plnce.  The  templets  are  then  put  in  when  all  inside  stakes 
may  be  removed.  Round  corners  are  easily  made  by  using 
sheet  steel  forms  stiffined  with  small  angle  irons  along  the  top 
and  bottom.  An  eight  foot  radius  makes  a  good  appearing 
corner. 


Cinders. — For  the  purpose  of  drainage  clean  soft  coal  cin- 
ders are  to  be  preferred  although  broken  stone  and  gravel  will 
give  satisfactory  results.  About  six  inches  in  depth  thoroughly 
flooded  and  rammed  should  prove  sufficient.  The  forms  being 
in  place  the  proper  grading  of  the  cinders  is  easily  accomplished. 

Concrete. — The  concrete  used  in  the  curb  and  gutter  is  gen- 
erally of  two  classes,  that  for  the  body  and  that  for  the  wearing 
surface.  The  body  is  made  up  of  leaner  mixtures  and  of  larger 
atone.    Engineers  disagree  as  to  the  best  size  of  stone  to  be  used. 
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but  if  the  matrix  is  properly  proportioned,  with  just  sufficcient 
sand  to  fill  the  voids  of  the  stone  and  sufficient,  or  a  little  more 
than  sufficient  cement  to  fill  the  voids  of  the  sand  the  larger  s.tone 
will  prove  cheaper  and  just  as  good  as  the  smaller  sizes.  After 
the  body  concrete  has  been  thoroughly  rammed  it  is  "screeded" 
off  with  a  "screed"  made  by  fastening  a  piece  of  steel,  one-eighth 
inch  thick,  to  a  straight  edge  long  enough  to  reach  from  one 
templet  to  the  next,  the  steel  plate  being  a  little  shorter  than  the 
distance  between  templets,  extends  three -fourths  of  an  inch  below 


the  straight  edge  and  below  the  top  of  the  templets.  If  the  steel 
plate  is  notched  with  half-inch  notches  like  a  cross-cut  saw  it  will 
be  found  to  work  easier  and  leave  a  roughened  surface  to  which 
the  tip  coat  will  better  adhere. 

Body  of  the  l"urb. — A  face  hoard  about  two  and  one-half 
or  three  inches  thick  is  clamped  to  the  back  l>oard  and  templets 
and  filled  alxiut  half  full  of  concrete  which  should  be  pushed 
away  from  the  face  board  with  a  shovel.  The  face  board  is  then 
plastered  with  wearing  surface  material  to  the  required  thickness, 
the  concrete  which  was  shoved  back  now  brought  against  the 
plaster  to  hold  it  in  place  and  the  entire  curb  filled  to  the  top, 
rammed,  filled  again  and  again  rammed  to  within  three-fourths 
of  an  inch  of  the  t'p.  Wearing  surface  material  makes  up  the 
remaining  part,  which  is  floated  and  properly  rounded  by  radius 
trowels.     The  face  boards  should  be  rounded  to  fit  the  templets 
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-on  two  diagonally  opposite  edges  so  they  may  be  used  with  either 
side  to  the  curb  to  prevent .  warping.  There  should  be  three  of 
them  butted  end  to  end,  two  of  which  are  always  kept  clamped. 
The  third  or  last  one  after  having  been  filled  is  loosened  by  re- 
moving the  clamps  and  thrusting  a  small  bar  between  the  end 
of  it  and  the  next  face  board  ahead,  thus  pushing  it  endwise.  Fre- 
quent sprinkling  of  the  face  board  will  prevent  sticking. 

Wearing  Coat. — The  "'topping"  or  wearing  coat  is  made  up 
of  screenings  or  sand  or  a  mixture  of  both  which  will  pass  a  No. 
6  sieve  and  is  considerably  richer  in  cement,  say  one  and  one-half 
to  one,  than  the  body  concrete.  It  should  be  mixed  in  a  box  to 
the  consistency  of  stiff  mortar  and  floated  on  to  a  uniform  thick- 
ness of  three-quarters  of  an  inch  and  brought  to  a  true  surface  by 
running  a  straight  edge  over  the  templets. 


Finishing. — The  finishers  follow  up  and  float  and  trowel  the 
curb  and  gutter  until  all  air  bubbles  arc  removed.  Excessive 
trowling  should  be  avoided  as  it  brings  neat  cement  tn  the  sur- 
face which  is  liable  to  produce  air  cracks.  The  templets  are  now 
pulled  and  the  edges  jointed.  The  final  finish  may  he  by  brush- 
ing which  removes  all  gloss  and  lessens  liability  to  air  cracking. 

Covering. — After  sufficient  time  is  given  for  the  cement  to 
set  the  top  surface  should  be  covered  with  the  earth  thrown  <m 
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the  bank  when  excavating  the  ditch.  The  form  planks  may  be 
removed  after  twenty-four  hours  and  the  whole  curb  and  gutter 
carefully  covered  with  earth.  In  dry  weather  the  earth  cover- 
ing should  be  wet  down  frequently.  It  is  a  good  plan  to  have 
the  night  watchman  do  that  every  night  for  about  one  week. 

This  completes  the  curb  and  gutter  work.  The  curb  being 
in  place  furnishes  an  excellent  basis  for  setting  stakes  for  the 
sub-grade  work,  the  concrete  and  the  final  paving. 

A  Few  Points  for  the  Inspector. — Watch  the  alignment. 
Otherwise  good  work  will  look  bad  if  not  in  line,  or  if  depres- 
sions occur  the  gutter  may  not  properly  drain.  See  that  the  cin- 
ders are  sufficiently  tamped,  otherwise  settling  may  take  place 
after  the  street  is  paved.  Thorough  mixing  of  the  cement  must 
be  insisted  upon.  More  work  is  defective  through  this  cause 
than  through  scamping  the  quality  of  cement.  With  mechanical 
mixers  there  is  less  occasion  for  fear.  Thorough  ramming  of  the 
concrete  to  eliminate  all  voids.  This  is  hard  work  and  workmen 
will  slight  it  if  given  a  change.  Sec  that  ycu  get  the  proper 
thickness  of  facing  or  wearing  material.  The  faces  of  the  curb 
is  where  it  usually  runs  thin.  Do  not  allow  the  finisher  to  use 
neat  cement  for  dryer.  Let  him  use  material  in  the  same  propor- 
tion as  the  "topping"  only  screened  through  a  finer  sieve.  See 
that  the  templets  are  kept  clean  that  when  they  are  pulled  the 
joint  is  left  smooth  not  jagged.  See  that  the  finisher  after  pull- 
ing the  templet  properly  trowles  the  joint,  neither  pushing  it 
down  till  the  stones  are  in  contact,  as  a  clear  space  should  be 
left  for  contraction  and  expansion,  nor  should  he  leave  the  edges 
ragged.  Examine  the  concerte  immediately  after  the  forms  have 
been  removed,  if  it  is  not  of  a  uniform  color  there  has  been  im- 
proper mixing,  if  it  is  too  porous,  improper  tamping  cr  wrong 
proportions. 

(JKO.   R.  ClIATBURN, 

Professor  of  Applied  Mechanics. 


General  Notes. 


What  the  Engineering  Society  is  Doing. 


The  Engineering  Society  is  passing  through  the  most  pro- 
gressive year  of  its  existence.  Never  before  has  such  interest 
been  displayed  and  such  good  crowds  been  present  at  business 
meetings  as  well  as  smokers.  The  active  membership  has  been 
increased  to  about  one  hundred  and  forty  with  many  more  appli- 
cations for  membership  still  on  file. 

The  reason  for  such  great  activity  in  the  society  and  its  in- 
creased membership  may  be  partly  due  to  the  fact  that  the  pro- 
portion of  students  registering  for  engineering  this  year  far  ex- 
ceeds that  of  former  years.  At  the  beginning  of  the  present 
school  year  about  three-fourths  of  the  male  students  entering  the 
University  registered  in  the  engineering  groups. 

Unfortunately  the  equipment  has  not  increased  in  proportion 
and  until  a  new  engineering  building  is  secured  the  department 
will  be  greviously  handicapped.  If  the  Society  has  any  strength 
as  an  organization  a  part  of  its  energy  might  well  be  directed  in 
agitating  the  question  of  obtaining  a  new  building. 

The  first  meeting  of  the  Society  in  1905  was  called  to  order 
on  October  11,  and  the  following  officers  were  elected. 

President , Cyrus  L.  Cole. 

Vice-President A.  G.  Hastie. 

Recording  Secretary C.  K.  Smith. 

Treasurer A.  E.  Palen. 

Corresponding  Secretary O.  A.  Ellis. 

Throughout  the  year  the  usual  number  of  short  talks  have 
been  given  by  professors  and  students  who  have  had  practical 
experience.  On  December  13,  1905,  State  Surveyor  Harvey  gave 
a  very  interesting  talk  on  his  earlier  experiences.  Commencing 
January  22,  1906,  Samuel  S.  Wyer,  M.  E.,  of  Columbus,  Ohio, 
gave  a  series  of  three  lectures  on  "Producer  Gas  and  Gas  Pto- 
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ducers."  Mr.  Wyer  explained  in  detail  the  construction  and 
operation  of  gas  producers  and  the  use  of  producer  gas.  He 
predicted  a  very  extensive  use  of  producer  gas  engines  on  lo- 
comotives and  battleships  in  the  near  future. 

It  is  our  hope  that  in  a  year  or  two  the  University  will 
provide  a  course  of  lectures  by  prominent  engineers  in  the  dif- 
ferent lines  to  supplant  a  part  of  the  text  book  work  of  the 
senior  year. 

Until  this  can  be  done  it  should  be  the  aim  of  the  Society 
to  provide  during  the  school  year,  a  course  of  lectures  by  repre- 
sentative engineers. 

The  Society  has  in  the  past  been  very  fortunate  in  having 
with  such  men  as  Goss,  Waddell  and  Corthell,  and  it  is  to  be 
hoped  that  the  engineering  students  in  the  University  of  Nebras- 
ka will,  in  the  following  year,  become  more  intimately  acquainted 
with  our  best  engineers  and  their  works. 

A  committee  of  the  Society  is  at  present  in  communication 
with  several  prominent  engineers,  and  expect  to  procure  one  or 
two  of  them  to  lecture  before  the  Society  this  spring. 

And  now  a  word  in  closing.  Be  loyal  to  your  Alma^  Mater 
and  the  Society.  If  you  are  asked  to  contribute  something  of 
your  work  and  experience  to  the  Society  in  the  form  of  an  ar- 
ticle or  a  talk,  give  it  and  be  glad  of  the  chance  to  show  your  ap- 
preciation of  what  the  engineering  department  of  the  University 
has  done  for  you. 


Alumni. 


NOTE. — The  following  is  a  complete  list  of  the  graduates  of  the 
Jnlversity  in  Engineering  courses.    There  are  included  a  certain  num- 
ber of  graduates  from  other  departments  who  took  engineering  sub- 
jects as  electives  and  entered  engineering  pursuits  after  graduation; 
also  a  few  students  who  left  school  and  who  are  now  engaged  in  en- 
gineering work.     The  addresses  given  are  believed  to  be  correct  to 
date,  March,  1906.    The  editors  will  be  pleased  to  receive  any  correc- 
tions or  additions  which  will  be  filed  for  the  use  of  their  successors. 
Abry,  B.  B.,  B.  Sc,  U.  of  111.  '00.    Deceased. 
Albers,  Juergen,  B.  Sc.  C.  E.,  '93. 
Anderson,  C.  E.,  B.  Sc.  E.  E.,  '98.    Craig,  Nebr. 
Andrews,  A.  H.,  B.  Sc.  C.  E.,  '98.    Deceased. 
Arnold,  B.  J.,  E.  E.,  '97.  Chicago,  111.  Pres.  Arnold  Elect  Power  Station 

Co. 
Anderson,  E.  E.,  B.  Sc.  C.  E.,  '05.    Asst.  Supt.  of  Construction  Uni.  of 

Nebr.    Lincoln,  Nebr. 
Andrew,  J.  W.,  McCook,  Nebr.  Asst.  Read  Foreman,  C.  B.  &  Q. 
Bessey,  C.  A.,  B.  Sc.  E.  E.,  '99.     Sargent  &  Tundie,  Chicago,  111. 
Biggerstaff,  C.  D.,  Rock  Island  R.  R.     Kansas  City. 
Bliss,  C.  V..  B.  Sc.  E.  E.,  '04.    J.  B.  Arnold  &  Co..  Kansas  City,  Mo. 
Brook,  I.  E.,  B.  Sc.  E  .E.,  '03.  Chicago,  111.  J.  B    Arnold  Elect.  Co. 
Brown,  G.   F.,  B.  Sc,  '04.     General  Elect.  Co..  Scnenectariy,  N.  Y. 
Bates,  G.  W.,  B.  Sc.  C.  E.f  '05.  Asst.  State  Eng.,  Lincoln,  Nebr. 
Brockway,  Paul  S.,  B.  Sc.  C.  E.f  '05.   Contractors.  Brock  way  &  Beards- 
lee,  Lincoln,  Nebr. 
Bally,  B.  P.,  '93.    Okmulgee,  I.  T.,  Electrician. 
Baker,  L  N.,  '03.    Beatrice,  Neb..  Beatrice  Elect.  Co. 
Barks,  F.  S..  '02.    Omaha,  Neb.,  Mecii.  Eng.  Dept.  U.  P.  R.  R. 
torkley,  J-  A.,  B.  Sc.  E.  E.,  '92.    Port  Elizabeth,  Cape  Colony.  So.  Afr., 

General  Manager,  Cape  Col.  Tramway  Co. 
Sates.  G.  W.,  '05.     Lincoln,  Nebr..    Ass't  State  Engr. 
Bedell,  C.  E.,  B.  Sc.  E.  E.  '00.     Pittsburg.  Pa.  Westinghouse  Mfg.  Co. 
tollknap,  L.  J.,  B.  Sc.  E.  E.,  '98.    Wagner  Elect.  Co. 
Benedict,  B.  W.,  B.  Sc.  M.  E.,  '91.    Alliance,  Nebr.,  Ass't  Supt.  Motive 

Power,  B.  &  M.  R.  R. 
^ajamin.  W.  E.,  B.  Sc.  E.  E.,  '96.    Cheyenne.  Wyo..  Deputy  County 
Clerk. 
r,  Burt,  B.  Sc.  E.  E.,  '06.  Westinghouse  Mfg.  Co.,  Pittsburg,  Pa. 
?y,  E.  A..  B.  Sc.  E.  E.,  '98.     Pittsfield,  Mass.,  Expert  Electrician, 
Stanley  Elect  Co. 
Bl*by,  J.  E.,  B.  Sc.  E.  E.,  '01.    Denver,  Colo.   Telepnone  Dept.,  Western 
Elect.  Co. 


98  THE  NEBRASKA  BLUE  PRINT. 

Bliss,  E.  F.,  B.  Sc.  EX  E.,  '02.    Schenectady,  N.  Y.,  G.  E.  Co. 

Bracket,  E.  E.,  B.  Sc.  E.  E.,  '01.    Lincoln,  Nebr.   Lincoln,  Traction  Co. 

Brooke,  W.  E.,  B.  Sc.  C.  E.,  '92.    Minneapolis,  Minn.  Uni.  of  M. 

Brooks,  G.  W.,  B.  Sc.  E.  E.,  '02.    Schenectady,  N.  Y.    G.  E.  Co. 

Brown,  A.",  B.  Sc.,  '03.    Aurora,  Neb. 

Bruce,  J.  A.,  B.  Sc,  '03.    U.  P.  R.  xt.    Engr.  Dept 

Buckley,  N.  E.,  B.  Sc,  '03.    Curtis,  Neor.    B.  &  M.  R.  R. 

Buckstaff,  Frank,  B.  Sc,  '03.    Chicago,  111. 

Burr,  F.  D.,  B.  Sc.  E.  E.,  '02.  Long  Distance  Power  Transmission,  Can- 
yon Ferry,  Mont. 

Bowlby,  H.  L.,  B.  Sc  C.  E.,  '05.  Instructor  in  C.  E.,  Seattle,  Wash. 

Corr,  Ray,  B.  Sc.  M.  E.    Atlas  Engine  Works,  Indianapolis,  Ind. 

Campbell,  S.  C,  B.  Sc.  M.  E.,  '02.    Milwaukee,  Wis.    Allis -Chalmers  Co. 

Charles,  E.  D.,  Lincoln,  Nebr. 

Chessington,  J.  B.,  '04.    Lincoln,  Nebr.    B.  &  M.  Eng.  Dept. 

Christenson,  W.,  '00.     Utah.     Mercur  Mining  Co. 

Collet,  A.  J.,  B.  Sc.  M.  E.f  '00.    Omaha,  Nebr.    Drafting  Dept.  U.  P.  R.R. 

Cortelyou,  S.  V.,  B.  Sc  C.  E.,  '02.    Manilla,  P.  I.    U.  S.  P.  S. 

Crane,  C.  O.,  B.  Sc.  E.  E.    Arnold  Power  Station  Co.,  Chicago,  111. 

Crook,  Z.  E.,  B.  Sc  E.  E.,  '97.  Fairbault,  Minn.  Res.  Eng.  C,  M.  &  St. 
P.  R. 

Cushman,  C.  R.,  B.  Sc.  E.  E.,  '02.    Lincoln,  Nebr.   Cushman  Motor  Co. 

Cutshall,  L.  A.,  B.  Sc  E.  E.,  '05.    Chicago,  111..  Automatic  Elect.  Co. 

Cornell,  Clare  B.,  B.  Sc.  E.  E.    Musician,  Lincoln,  Nebr. 

Carter,  A.  E.,  B.  Sc  C.  E.,  '04.  C.  E.,  Columbia  Uni.  '04  East  River 
Tunnel. 

Chase,  L.  W.,  B.  Sc.  M.  E.,  '04.  Lincoln,  Nebr.  Instructor  in  Farm 
Mechanics,  Uni.  of  Nebr. 

Clinton,  S.  D.,  B.  Sc  C.  E..  '02.    Eng.  Dept.  Tide  Water  R.  R. 

Davidson,  J.  B.,  B.  Sc.  M.  E.,  '04.  Instructor  in  Farm  Mechanics,  Ames, 
Iowa  Uni.,  Ames.  Iowa. 

Davis,  E.  O.,  B.  Sc.  C.  E.,  '05.  Roadway  Department  C.  B.  &  Q. 

Dobson,  Frank,  '02.  Lincoln,  Nebr.    Reclamation  Service,  U.  S.  G.  S. 

Dempster,  J.  B.,  '02    Des  Moines,  la.    Dempster  Mill  Co. 

Doubrava,  H.  W.,  B.  Sc.  E.  E.,  '97.    N.  Y.  City,  Wagner  Electrical  Co. 

Doubt,  R.  A.,  B.  Sc  E.  E..  '01.    Chicago,  111.,  Western  Electrical  Co. 

Dorman,  Fred  B.,  B.  Sc.  M.  E.,  '01.  Foreman  of  Apprentice  Allis-Chal- 
mers  Co.  West  Allis.  Wis. 

Eagleson,  E.  G.,  B.  Sc.  C.  E.,  '89.    Boise,  Idaho,  Surveyor  General. 

Elson,  M.  D.,  Cleveland,  Ohio,  Western  Electrical  Co. 

Elson,  T.  H.,  '03.    Kearney,  Nebr.,  Military  School. 

Engel,  C.  W.,  B.  Sc.  C.  E.,  '03.    Omaha,  Nebr.,  C.  &  N.  W.  R.  R. 

Edwards,  H.  R.,  B.  Sc  E.  E.,  '04.  Chicago,  Northwestern  R.  R. 
Pine.  S.  D. 

Frans,  H.  S.,  E.  E„  '98.  Professor  Electrical  Eng.  Doulder  Uni.,  Boul- 
der, Colorado. 

Farnsworth,  G.  E.,  B.  Sc,  C.  E.,  '04.  Tri  State  Land  Co.,  Scotts  Bluff, 
Iowa. 
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Ferguson,  0.  J.,  B.  Sc  B.  E.,  '03.  Prof.  Elect.  Eng.,  Union  College, 

Schenectady,  New  York. 
Forbes,  Burt  F.,  A.  B.,  '95.    Fort  Laramie,  Wyo. 
Frltts,  Charles,  B.  Sc.  '96.    K.  C,  Mo.,  Metropolitan  Street  Ry. 
Geer,  Howard,  B.  Sc.  E.  E.,  '05.    Los  Angeles  R.  R.  Co. 
Gibbs,  J.  B.,  B.  Sc.  E.  E.,  '05.  Westlnghouse  Mfg.  Co.,  Pittsburg,  Pa. 
Green,  J.  A.,  B.  Sc.  C.  E.,  '05.   Mgr.  Culbertson  Ditch,  Culbertson,  Nebr. 
Garringer,  A.  B.  Sc.  E.  E.,  '00.    N.  Y.  City.  New  York  Telephone  Co. 
Grant,  Wm.,  B.  Sc.  C.  E.,  '97.    Lincoln,  Nebr.  Office  Chief  Eng.,  B.  &  M. 
Green,  J.  A.,  '04.    Culbertson,  Nebr.     Eng.  with  Standard  Beet  Sugar 

Co.  * 

Green,  Wm.,  '98.    Kansas  City,  Mo.    Kansas  City  Telephone  Co. 
Griggs,  C.  E.,  E.  E.,  '97.    Utah,  Mining. 
Gutleben,  Dan,  B.  L.,  '00.    St.  Louis,  Mich.    E.  H.  Dyer  &  Co.,  Sugar 

Machinery. 
Hagenow,  Chas.,  B.  Sc.,  *00.    Lincoln,  Nebr.   Instructor  Math.,  U.  of  N. 
Hall,  D.  C,  '98.    New  York  City.    Electrician,  Navy  Yard. 
Harris,  R.  S.,  B.  Sc.  C.  E.,  '04.    Omaha,  Nebr.  Towle  Bridge  Co. 
Haughton,  E.  H.,  B.  Sc.  E.  E.,  '95.   Chicago,  111.  Western  Electrical  Co. 
Hawksworth,  D.  W.,  B.  Sc.  E.  E.,  '97.  Detroit,  Mich.  Mgr.  American 

Car  and  Foundry  Co. 
Hedge,  Verne,  A.  B.,  B.  So.  C.  E.,  '03.     Lincoln,  Nebr.     Porter  Hedge 

Abstract  Co. 
Henck,  C.  H.,  311  Laurel  St.,  Baton  Rouge.  La. 
Hess,  F.  E.,  B.  Sc.  C.  E.,  '03.    Dallas,  Texas,  with,  M.  S.  Hasey,  Bridge 

Eng. 
Hltchman,  J.  C,  B.  Sc.  E.  E.,  '98.    Tampico.  Mex.  Mexican  Cen.  R.  R. 
Hoagland,  A.  L.,  B.  Sc.  E.  E.,  '00.    Lincoln,  Nebr.    B.  &  M.  Eng.  Dept. 
Holman,  W.  H.,  B.  Sc.  E.  E.,  '04.    Lincoln,  Nebr.     Fellow  in  Physics 

Dept.  U.  of  N. 
Holmes,  J.  C,  B.  Sc.  C.  E..  '05.    Omaha,  Nebr. 
Howe,  E.  D.f  B.  Sc.  C.  E.,  '87.    Table  Rock,  Nebr.    Farmer. 
Hubbard,  R.  D.,  B.  Sc.  C.  E.,  '99.    Reclamation  Service  U.  S.  G.  S.  San 

Francisco,  Oal. 
Hulett,  R.  E.,  B.  Sc.  E.  E.,  '99.     Chicago,  111.    Western  Electrical  Co. 

Hull,  A.  M.,  B.  Sc.  E.  E.,  '02.    Fremont,  Nebr. 

Hummel,  C.  M.,  B.  Sc.  C.  E.,  '00.    Humboldt,  Nebr. 

Hunt,  F.  L.,  B.  Sc.  E.  E.,  '02.    Schenectady,  N.  Y.   G.  E.  Co. 

Huntington,  L.  M.,  B.  Sc.  C.  E.,  '02.    Culebra,  Panama,  Canal  Zone,  Eng. 

Dept.,  Panama  Canal. 
Hyde,  M.  A.,  B.  Sc.  E.  E.,  '98.    Lincoln,  Nebr. 
Heaton,  R.  H.,  B.   Sc.   M.   E.,   Fairbanks,   Morse  Gas   Engine  Works, 

Beloit,  Wis. 
Hibner,  Oldls,  B.  Sc.  E.  E.,  '06.  Westlnghouse  Mfg.  Co.,  Pittsburg,  Pa. 

Hurlbut,  H.  S.  G.,  B.  Sc,  f01.    Hastings  College,  B.  A.,  '03,  and  B.  Sc. 
E.  E.,  '05.  Unl.  of  Nebr.   Westlnghouse  Mfg.  Co.,  Pittsburg,  Pa. 
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Hartzell,  Walter,  B.  Sc.  E.  E.,  '05.    Westinghouse  Mfg.  Co.,  Pittsburgh 

Pa. 
Holmes,  J.  C,  B.  Sc.  C.  E.  Wadell  &  Hedrick,  Kansas  City,  Mo. 
Hurtz,  L.  E.,  B.  Sc.  E.  E.,  '03.    Lincoln,  Nebr.  City  Eng. 
Henry,  J.  E.,  B.  Sc.  C.  E.     W.  Mignery,  Contractor  and  Builder,  St 

Joseph,  Mo. 
Jones,  J.  C.f  '96.  Westinghouse  Co.,  Salt  Lake  City,  Utah. 
Jeffrey,  E.  O.,  B.  Sc.  E.  E.,  '00.    Los  Angeles,  Cal. 
Jobson,  A.,  Columbia,  Mo.    Student  Uni.  of  Mo. 
Jorgenson,  H.  W.,  B.  Sc.  C.  E.f  '97.     Arizona,  Mining  Eng. 
Joy,  G.  A.,  '01.    Chicago.  111.  Supt.  Kellog  Switchboard  and  Supply  Co. 
Kemmish,  N.  A.,  B.  Sc.  M.  E.,  '04.    Lincoln,  Nebr.  Lincoln  Traction  Co. 
Kinton,  W.  G.,  '98.     Chicago,  111.     Chicago  Telephone  Co. 
Koch,  A.  W.  F.,  B.  Sc.  C.  E.,  '05.    Lincoln,  Nebr.  Eng.  Dept,  B.  &  M. 
Korsmeyer,  L.,  B.  Sc.  C.  E.,  '00.    Lincoln,  Nebr.  Korsmeyer  Plumbing 

Co. 
Krasny.  Emil,  B.  Sc.  E.  E.,  '03.    Humboldt,  Nebr. 
Kallasch,  W.  M.,  '02. 

Kandall,  H.  C,  B.  Sc.  E.  E.,  '02.    Lincoln.  Nebr. 
Kruse.  A.  N.,  B.  Sc.  E.  E..  '03    New  York  Office  of  Western  Elect.  Co. 

New  York. 
Kuhns,  J.  H.,  '96.  Professor  of  Elect.  Eng.  in  Japan. 
Koch,  A.  W.  F.,  B.  Sc.  C.  E.    C.  B.  &  Q.  R.  R..  Lincoln,  Nebr. 
.  Langer,  J.  F..  B.  Sc.  E.  E.,  '00.    New  York  City.  Elect.  Insp.  U.  S.  Navy 
Yard. 
Langley.  R.  R..  Omaha,  Nebr.     Home  Correction  School. 
'  Larson,  C.  H.,  B.  Sc.  C.  E.,  '02. 
I^awler.  J.  C.  '02.     Colorado  Springs,  Colo. 
Lewis.  O.  E..  B.  C.  E..  "84.    Falls  City.  Nebr. 
Leibman,  M.  N..  B.  Sc.   E.  E..   '00.     Now  York  City.  Manager  Foote- 

Pierson  Co. 
Lord,  H.  S.,  B.  A.,  '93.     Butte,  Montana.  C.  E. 
Lyon.  Geo.  J.,  B.  Sc,  '99.    Colorado  Springs.  Colo.    Prof.  C.  E.  Colorado 

College. 
Maghee,  M.  M.,  B.  E.  E..  '92.    Rawlins,  Wyo.    Electrician. 
Manley,  F.  A..  B.  C.  E.,  '89.    Rock  Springs.  Wyo.   Chief  Eng.  U.  P.  Coal 

Co. 
Mansfield,  R.  J..  B.  Sc.  M.  E..  '04.    Wisner.  Nebr. 

McReynolds,  R.  H.,  B.  Sc.  E.  E..  '04.  Lincoln,  Nebr.  Electrician,  U.  of  N. 
Miller.  A.  A..  B.  Sc.  E.  E.,  '98.  Seattle.  Wash.  Westinghouse  Exp.  Office. 
Morse.  P.  A..  B.  Sc.  E.  E..'  93    3242  Cal.  ave.,  St.  Louis.  Mo.    Western 

Electric  Co. 
Mueller.  R.   S..   B.   Sc.   E.   E.,   '98.     Chicago.   111.     Kellogg  Switchbord 

&   Supply   Co. 
Mundnrf,  W.  M.t  B.  Sc.  E.  E.,  '02.     Omaha.  Nebr.     Paxton  &  Vierling 

Works. 
Mills.  David.  B.  Sc.  M.  E..   05.   C.  B.  &  Q.  R.  R..  Havelock,  Nebr. 
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Miller,  J.  W.,  B.  Sc.  C.  E.  C.  &  N.  W.  R.  R.  Dead  wood,  S.  D. 

Meyer,  F.  L.,  B.  Sc.  E.  E.f  '97.  Roebling  Sons  Ck>.,  Trenton,  N.  J. 

McDowell,  C.  C,  B.  Sc.  E.  E.,  '05.  General  Elect  Mfg.  Co.,  Schenec- 
tady, N.  Y. 

Main,  A.  E.,  B.  Sc.  E.  E.,  '03.     Hot  Springs,  Ark. 

McCrosky,  J.  W.,  B.  Sc.  '91.  London,  Eng.,  Manager  of  J.  G.  White  & 
Co.  Ltd.,  Contractors. 

McGeachin,  W.  R.,  B.  Sc.  E.  E.,  '93.  Manilla,  P.  I.  Supt.  of  Manilla 
Elect.  Light  Plant. 

Newton,  B.  A.,  B.  Sc.  C.  E.f  '04.    Lincoln,  Nebr.      B.  &  M.  Eng.  Dept 

Noyes,  H.  B.,  B.  Sc.  E.  E.,  '98.    Omaha,  Nebr.    Motive  Power  St.  R.  R. 

Noyes,  R.  E.,  B.  Sc.  E.  E.,  '04.      Schenectady,  N.  Y.      G.  E.  Co. 

Oliver,  R.  H.,  B.  Sc.  E.  E.,  '03.  Arnold  Electric  Power  Sta.  Co.,  Chi- 
cago, 111. 

Orton,  C.  S.,  B.  Sc.  M.  E.,  '02.      Milwaukee,  Wis.    Allis  Chalmers  Co. 

Pearson,  C.  A.,  '01.      Omaha,  Nebr.      Inst'r  Drawing,  High  School. 

Pepperburg,   A.  J.,   '02.       Navy  Yard,   New  York   City. 

Podlesack,  H.  J.,  B.  Sc,  '94.      Chicago.  111.       Electrician. 

Podlesack,  T.   S.,  B.  Sc,  '96.       Chicago,  111.       Electrician. 

Pollard,  N.  L.,  B.  Sc.  E.  E.,  '96.  Mexico  City,  Mex.,  Mexican  Central 
Electrical  Co. 

Pool,  C.  H.,  '00.  New  York  City.       New  York  Telephone  Co. 

Porter,  E.  Y.,  B.  Sc.  E.  E.,  '96.      Newark,  N.  J.       Moore  Elect.  Co. 

Posqisil,  L.  J.,  B.  Sc.  M.  E.,  '03.       Seattle,  Wash.       Draftsman. 

Porterfield,  J.  R.,  B.  C.  E.,  '92.       Boise,  Idaho.       C.  E. 

Randal,  K.  C,  B.   Sc,   '97.       Edgewood,  Penn.       Westinghouse  Co. 

Reagan,  H.  E.,  B.  Sc.  E.  E.,  Philadelphia,  Penn.      Western  Elect.  Co. 

Reed.  C.  E.,  '02.       Salt  Lake  City,  Utah.       Engineer  and  Contractor. 

Rick,  D.  H.,  B.  Sc.  E.  E..  '97.    Denver,  Colo. 

Rohrbaugh,  J.  M.,  B.  Sc.  C.  E.,  '98.    Fairbury,  Nebr.   C.  R.  I.  &  P.  R.  R. 

Reedy,  O.  T.,  B.  Sc.  E.  E„  '98.  Livingston,  Arizona.  Asst.  Eng.  ±te- 
clammation  Service,  U.  S.,  G.  S. 

Robinson,  E.  J.,  B.  C.  E.,  '84.    C.  B.  &  Q.  R.  R.t  Lincoln,  Nebr. 

Rohrer,  C,  B.  Sc.  E.  E.,  '93.     Asst.  Resident  Engineer,  Wabash  Rfl. 

Rowe,  W.  B.,  B.  Sc.  C.  E.,  '96.  Professor  Math,  and  C.  E.,  Univ.  of 
New  Mexico,  Albuquerque. 

Ryons,  F.  B.,  '00.       Holmesville  Elect.  Co.,  Holmesville,  Neb. 

Saville.  J.  A.,  B.  Sc.  E.  E.,  '98.      Chicago,  111.      Bryant  Marsh  Co. 

Sawyer,  E.  B.,  B.  Sc.  .E  E.,  '98.       Lincoln,  Nebr.       Real  Estate. 

Sawyer,  L.  P.,  B.  Sc,  '99.       Cleveland,  Ohio.       The  Buckeye  Co. 

Seargant,  J.  A.,  B.  Sc.  C.  E.,  '02.  Montrose.  Colo.  Asst.Engieer  Re- 
clamation  Service  U.   S.   G.   S. 

Searles,  H.  C,  B.  Sc.  C.  E.,  '02.       Denver,  Colo. 

Senger,  H.  L.,  B.Sc  E  E.,  '93.  Chicago,  111.  Arnold  Power  &  Elect. 
Sta.  Co. 

Shane,  A.  B.,  B.  Sc.  E.  E.,  '01.     Asst.  Prof,  in  Elect.  Eng.  Ames  Ag. 
College. 
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Skinner,  C.  A.,  Ph.  D.,  '93.     Lincoln,  Nebr.     Professor  Phiaics. 

Stockton,  W.  L.,  B.  Sc,  '93.    Chicago,  111.   Western  Elect  Co. 

Stone,  C.  L.,  B.  Sc.,  '98.    Schenectady,  New  York. 

Sturdevant,  W.  C,  B.  Sc.  E.  E.,  '03.    Payette,  Idaho. 

Swartout,  R.  A.,  '02.    Tecumseh,  Nebr.    H.  Ward  Contracting  Co. 

Stout,  O.  V.  P.,  B.  C.  E.,  "88,  and  C.  E.,  '97.  Prof.  C.  E.  Uni.  of  Nebr.  ,= 

Lincoln,  Nebr. 
Stevens,  J.  C,  B.  Sc.  C.  E.,  '05.  Reclamation  Service,  Asst  Eng.,  Wash* 

ington,  D.  C. 
Sheldon,  L.  A.,  B.  Sc.  M.  E.  General  Elect.  Mfg.  Co.,  Schenectady,  N.  T. 
Sawyer,  W.  H..  B.  Sc,  '94.  Chicago,  111.  Ford,  Bacon  &  Davis  Elect  Co. 
Shinburg,  E.,  '01.     Eng.  of  Reclamation  Service,  U.  S.  G.  8.,  Mitchell, 

Nebr. 
Smith,  A.  B.,  B.  Sc.  E.  E.,  '01.    Prof,  of  Telephony  Eng.  Purdue  UnL, 

Lafayette,  Ind.  < 

Steel,  A.  A.,  B.  Sc.  C.  E.,  '99.  Fayetteville,  Ark.  -^ 

Mine  Engineer.  'jj 

Swoboda,  A.  R.f  B.  Sc.  E.  E.,  '03.    Instructor  in  E.  E.,  Unl.  of  Nebr.  tj 

Trail,  A.  R.,  B.  Sc.  C.  E.,  '98.  Tide  Water  Road.  -$ 


S 


3 


1 


Towne,  R.  E.f  B.  Sc.  E.  E.,  '05.    Westinghouse  Mfg.  Co.,  Pittsburg. 

Turner,  L.  W.,  B.  Sc.  M.  E.  General  Elect.  Mfg.  Co.,  Schenectady,  N.  Y. 

Thomas,  E.  L..  B.  Sc.  C.  E.,  '04.     Lyons,  Nebr.     Drainage  Engineer. 

Thurber,  G.  P..  B.  Sc,   91.    Pittsburg,  Pa.    Pres.  Pittsburg  Eng.  Co. 

Timmerman,  O.  H.,  '04.    Los  Angeles,  Cal. 

Tinker,  G.  H.,  B.  C.  E.,  '90.    Colo.  Fuel  &  Iron  Co. 

Turner,  E.  F..  B.  Sc.  C.  E.,  *99.     Deceased. 

Tynes,  T.  E.,  '96.    Pittsburg,  Pa.    Westinghouse  Elect  Mfg.  Co. 

Warner,  C.  D.,  B.  Sc.  E.  E.,  '96.    Newark,  New  Jersey.  Moore  Elect.  Co.      "^ 

Weeks,  C.  W.,  B.  Sc.  E.  E..  '98.    Fort  Crook,  Omaha,  Nebr.    1st.  Lieut.    '-fJ 

30th  Inf.  U.  S.  A. 
Wheeler.  R.  A..  '04.    Kansas  City,  Mo.     Metropolitan  St.  Ry. 
White,  A.  B.,  C.  E.,  '84.    Salida,  Colo.    D.  &  R.  G.  R.  R. 
Ware,  Norton.  B.  Sc.  C.  E.    Northern  Pacific. 
Warren,  H.  P.,  '05.  Panama  R.  R.f  Canal  Zone.  Panama. 
Weeks,  Otis.  B.  Sc.  C.  E..  '95.  Resident  Eng.  W.  P.  R.  R.,  Denver,  Colo. 
Weeks,  Paul.  B.  Sc.  C.  E..  '00.    Baldwin  Locomotive  Wks.  Philadelphia. 
Wilson,  Hugh,  B.  Sc.  C.  E.     Carthage  R.  R. 
White,  Robert,  B.  Sc.  E.  E..  '05.    General  Elect.  Mfg.  Co.,  Schnecectady, 

N.  Y. 
Yont.  V.  H.,  B.  Sc.  E.  E.  Deceased. 
Yates.  B.  C.  B.  C.  E..   92.    Lead.  S.  D.    Homestake  Mining  Co. 
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A  BIT  OF  FRIENDLY  ADVICE. 

Chancellor  E.  B.  Andrews. 


Two  points  should  be  emphasized  by  intending  engineers 
both  of  which  they  often  neglect  as  of  little  consequence. 

The  first  is  facility  and  correctness  in  writing  English.  To 
think  clearly  and  have  something  to  say  is  of  course  the  main 
thing,  but  to  be  able  to  say  and  particularly  to  write  things 
in  clear,  concise,  elegant  English  is  about  equally  important. 
The  clear  thought  may  merely  evidence  a  good  mechanic;  the 
other  indicates  original  and  constructive  mentality.  Engineers 
often  have  to  draft  specifications,  contracts,  bids.  The  ability 
to  select  instantly  the  right  bolt  or  screw  is  often  of  less  ser- 
vice to  an  active  engineer  than  quick  word  discrimination  and  the 
power  of  lucid,  precise  statement. 

To  this  mastery  of  English  an  ambitious  engineer  should 
add  a  practical  knowledge  of  French  or  of  German,  preferably 
of  both.  In  one  or  the  other  of  these  languages  are  expounded 
the  newest  and  best  engineering  and  mechanical  discoveries  madfe 
abroad.  The  scientific  engineer  should  be  able  to  read  these  ac- 
counts at  first-hand,  not  waiting  the  slow  process  of  translation. 
The  University  offers  splendid  opportunity  for  learning  both 
French  and  German.  Get  the  drudgery  of  these  languages 
off  your  hands  with  your  other  preparatory  work,  then  perfect 
yourself  in  them  by  persistent  reading.  Never  use  translations 
when  you  can  obtain  originals.  The  exact  sense  of  a  presenta- 
tion in  a  foreign  language  is  nearly  always  impaired  by  trans- 
lation. 

The  second  point  deserving  stress  is  the  resolution  and  pre- 
paration permanently  to  keep  up  your  distinctly  technical  out- 
fit, especially  your  mathematical  knowledge.  Your  great  temp- 
tation after  beginning  work  will  be  to  rely  more  and  more  on 
"rule  of  thumb."  Do  not  yield :  do  not  become  a  slave  to 
rule  of  thumb.  Very  often  you  will  find  yourself  in  situa- 
tions where  good  work  will  require  you  to  reach  straight  back 
to  your  best  theoretical  knowledge.  With  this  reserve  outfit 
ready  for  use  you  will  score  richly  over  your  naturally  clever 
but  uneducated  rival,  trained  by  apprentice  methods  but  lack- 
ing in  theory. 
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Careful  attention  to  details  should  of  course  be  your  habit, 
AH  your  training  teaches  you  the  value  of  this.  Not  so  clearly 
will  you  see  the  value  of  non-technical  subjects.  Do  not  be 
an  engineer  and  nothing  more.  Be  also  a  man,  an  observer, 
a  reader,  a  thinker.  Place  your  earliest  ideal  high.  Sec  how 
much  you  can  gain  from  your  University  course  rather  than 
how  little  you  can  do  and  still  win  your  sheepskin.  You  can 
graduate  without  understanding  any  tongue  but  your  own  and 
with  little  facility  in  that;  but  how  much  better  equipped,  how 
much  surer  of  large  success,  the  man  who  has  an  ample,  round- 
about mental  development. 

Remember  ever  the  .words  of  R.  H.  Stoddard:  "The 
more  we  know  of  any  one  ground  of  knowledge,  the  farther  we 
sec  into  the  general  domain  of  intellect." 


SALES  ENGINEERING. 

A.  A.  Miller,  (Sales  Engr.)  Westinghouse  Electric  &  Mfg.  Co.,  Seattle,  Wash. 


Certain  lines  of  business  carried  on  today  by  large  financial 
interests,  have  been  built  upon  the  practical  application  of  what 
was  largely  theory  only  a  dozen  or  fifteen  years  ago,  business 
still  depending  to  a  remarkable  degree  upon  the  brain  power  and 
inventive  skill  of  technical  men  constituting  its  engineering  force, 
men  who  are  constantly  devising  either  new  applications  for 
comparatively  old  ideas,  or  who  are  bringing  out  something  en- 
tirely new. 

In  the  electrical  machinery  manufacturing  industry  there  are 
today  in  the  United  States,  three  or  four  very  large  corporations, 
among  which  there  exists  the  most  lively  competition,  each  one 
apparently  trying  to  out  do  its  rivals,  and  employing  every  rea- 
sonable means  to  accomplish  this  end. 

Trusts  of  all  classes  and  varieties  are  the  common  subject 
of  newspaper  gossip — yet  it  is  rarely  stated  that  there  is  in  exis- 
tence an  electric  manufacturing  combination  of  threatening  mag- 
nitude. The  facts  of  the  case  are  that  no  such  combination  does 
exist,  actual  competition  being  so  deeply  rooted  as  to  make  it 
difficult  to  imagine  how  conditions  in  this  respect  might  be 
worse. 

Each  of  these  manufacturing  companies  has  established  for 
itself  a  reputation  that  is  carefully  guarded  in  the  spirit  of 
friendly  rivalry  in  furthering  the  science  of  applied  electricity 
and  it  would  be  very  wrong  to  neglect  to  say,  for  the  purpose 
of  increasing  dividends,  but  it  is  true  nevertheless  that  both  of 
these  factors  have  combined  to  force  electrical  development  along 
at  a  truly  wonderful  rate,  more  so  than  any  other  combination 
of  influences. 

The  earning  of  dollars  is  an  evil  habit  to  which  all  of  us  are 
more  or  less  thoroughly  addicted,  but  since  our  civilization  is 
thus  strongly  tainted,  what  individual,  or  what  corporation  can 
point  a  scolding  finger  at  the  other  for  employing  as  before  men- 
tioned every  reasonable  means  of  increasing  its  own  efficiency 
and  earning  capacity?  Shop  methods  are  carefully  scrutinized, 
designs  are  economically  made,  and  every  effort  of  the  entire 
production  department  is  bent  toward  bringing  out  a  class  of 
apparatus  thoroughly  reliable  and  of  a  very  decided  order  of  ex- 
cellence, at  a  cost  that  will  allow  it  to  more  readily  sell  when  plac- 
ed on  the  market.     It  is  then  up  to  the  sales  department  to  take 
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the  matter  in  hand  and  from  that  time  until  the  last  of  the  deferred 
payments  is  made  the  salesman  is  busy  negotiating  and  settling 
up  business. 

The  sales  organization  of  a  manufacturing  company  of  any 
sort  whatsoever  is  truly  the  life  of  that  company  and  anything 
that  strengthens  that  organization  is  of  very  great  benefit.  It 
is  just  here  in  the  order  of  events  that  the  sales  engineer  really 
enters,  and  nowadays  plays  a  very  considerable  part  in  the  real 
life  of  these  corporations. 

Before  taking  up  his  immediate  work,  it  is  proper  to  look  at 
the  process  of  manufacture  through  which  he  must  go  before  ap- 
proaching ^the  condition  of  finished  product,  which  latter  is  never 
attained,  as  he  is  not  made  of  iron,  and  steel  and  copper,  but  re- 
tains all  the  ingredients  of  ordinary  human  weakness. 

During  the  last  six  or  eight  years  particularly,  there  has 
been  a  decided  effort  of  sales  managers  to  secure  for  their  de- 
partments a  set  of  men  whose  training  and  experience  has  been 
along  technical  lines,  men  who  are  either  graduates  of  technical 
schools  and  colleges  or  are  strong  in  the  field  of  every  day  prac- 
tice. The  college  man  is  most  largely  in  evidence  and  in  the  end 
generally  reaches  higher  levels  than  the  other  class  mentioned, 
but  only  after  some  years  of  close  application  to  the  business  of 
manufacturing  machinery.  This  he  learns  by  taking  advantage 
of  the  very  excellent  engineering  apprenticeship  courses  now  of- 
fered in  several  large  electric  works,  and  being  thus  permitted 
to  investigate  in  a  very  practical  way,  many  of  the  ramifications 
of  the  business,  accumulates  by  the  simple  process  of  absorption 
a  vast  fund  of  information. 

These  engineering  courses,  for  a  time  were  tried  as  an  ex- 
periment, were  variously  modified  from  year  to  year,  and  were 
finally  so  thoroughly  satisfactory  to  all  concerned,  as  to  lead  to 
the  plan  being  adopted  unconditionally  as  the  most  successful 
that  had  been  tried.  Particularly  in  one  electric  company,  young 
men  are  selected  from  among  the  apprentices  for  recruiting 
nearly  every  department  of  the  works  and  also  of  the  district 
offices.  Therefore  a  man's  opportunities  are  ample  and  his  suc- 
cess measured  truly  by  his  aptitudes  and  limitations,  for  it  is 
a  fact  that  the  electrical  industry  has  grown  so  enormously  and 
at  such  a  rapid  rate  that  an  actual  scarcity  of  no  small  propor- 
tions exists  when  it  comes  to  finding  men  properly  trained  and 
possessing  personal  energy  sufficient  to  send  them  along  at  rea- 
sonable speed,  when  placed  in  positions  requiring  a  positive  de- 
gree of  good  intelligence  and  perseverance. 

The  course  covers  about  two  years  at  the  works,  in  the 
shop,  testing  departments,  engineering  offices,  and  correspondence 
departments.  After  this  gauntlet  has  been  run.  it  is  not  difficult 
to  recognize  along  what  particular  line  of  action  the  apprentice 
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is  best  fitted  to  move,  whether  as  an  engineer  pure  and  simple, 
or  as  one  to  whom  the  technical  side  of  any  given  situation  ap- 
peals strongly,  but  does  not  overshadow  the  far  reaching  commer- 
cial aspect.  These  two  factors  used  conjunctively  are  the  warp 
and  woof  of  sales  engineering  which  covers  both  salesmanship, 
and  engineering,  a  combination  in  which  the  efforts  of  the  en- 
gineer are  all  bent  toward  assisting  the  salesman.  The  salesman 
of  the  combination  must  employ  good  engineering  for  several 
reasons : 

First,  because  if  he  does  not,  his  competitor  will. 

Second,  because  only  those  recommendations  based  on  sound 
judgment  and  good  engineering  principles  will  give  good  and  not 
indifferent  results. 

Third,  because  poor  engineering  and  poor  recommendations 
reap  a  most  prolific  harvest  of  trouble  both  for  the  manufacturer 
and  the  user,  resulting  in  a  situation  often  very  difficult  to  settle 
financially  and  quite  naturally  an  absolute  loss  of  any  further  op- 
portunities to  do  business  with  the  same  buyer  again. 

Some  eighty  years  ago,  Tredgold  gave  a  definition  of  en- 
gineering that  has  never  been  improved  upon.  It  is  the  art  of 
directing  the  great  sources  of  power  in  nature  to  the  use  and 
convenience  of  man.  This  is  the  broadest  interpretation  of  the 
term.  More  narrowly  considered  an  engineer  has  been  defined 
as  a  man  who  can  do  well  for  one  dollar  what  any  man  can  do 
somehow  for  ten  dollars,  and  as  applied  to  sales  work,  the  en- 
gineer's instincts  so  guide  and  direct  his  forces  in  competitive 
work  as  to  result  in  success  often  where  failure  would  otherwise 
attend. 

It  would  be  very  incorrect  to  state  that  not  much  engineering 
ability  is  required  to  sell  incandescent  lamps,  for  example,  but 
when  the  subject  is  seriously  considered,  a  host  of  technicalities 
reveal  themselves,  such  that  it  is  about  as  much  as  one  man  cares 
to  do,  and  do  well. 

When  the  sale  of  a  small  motor  or  generator  is  negotiated, 
a  few  judicious  questions  will  usually  bring  out  sufficient  infor- 
mation from  the  buyer  as  to  result  in  his  getting  what  he  needs. 
It  is  unsafe  to  proceed  on  the  theory  that  a  buyer  knows  whit 
he  wants  unless  that  buyer  has  been  educated  by  long  experience. 
He  is  usually  ready  to  receive  suggestions,  which  when  applied, 
gives  him  an  up-to-date  outfit,  whatever  it  may  be.  In  the  case 
of  an  isolated  system  of  small  proportions,  the  application  of  ap- 
paratus that  has  been  thoroughly  standardized  will  usually  solve 
the  problem,  although  in  some  cases,  apparatus  of  the  most  special 
sort  is  required  to  fit  a  set  of  conditions  not  to  be  duplicated  else- 
where in  a  long  time. 

Power  transmission  systems  come  next  in  order  of  import- 
ance, ranging  from  a  hundred  kilowatts  or  so  in  size  to  several 
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thousand,  involving  transmission  lines  some  miles  in  length.  In 
a  country  or  section  where  water  power  predominates,  as  in  the 
Pacific  Northwest,  each  development  is  different  from  every  other 
so  there  is  not  at  hand  a  set  of  rules  to  follow,  but  each  case  must 
be  worked  out  by  itself,  and  the  application  of  electrical  appara- 
tus made  to  fit  local  conditions. 

It  is  customary  at  the  present  time,  and  has  been  for  several 
years,  for  the  electric  manufacturing  companies  to  do  gratis  a 
large  amount  of  engineering  work  which  should  be  done  by  con- 
sulting engineers.  The  keenness  of  competition  however  has 
made  the  manufacturers  willing  to  lend  engineering  aid  in  the  de- 
velopment of  new  power  and  railway  systems.  Naturally  the 
sales  department  comes  in  touch  with  new  projects  before  the 
factory  hears  of  them,  so  it  is  one  of  the  duties  of  the  sales  en- 
gineer to  get  up  such  preliminary  reports  as  are  required  for  send- 
ing to  bankers  and  financial  circles  and  floating  the  project  on  the 
money  market.  If  it  is  a  power  proposition,  this  report  must 
cover  the  amount  of  power  available,  cost  of  development,  dis- 
tance from  and  the  extent  of  the  market,  otherwise  probable  load 
to  be  carried,  the  indicated  earning  capacity  and  such  other  perti- 
nent factors  as  appeal  to  and  are  required  by  monied  men  in 
looking  up  investments. 

A  railway  project  is  the  most  difficult  of  all  to  handle,  as  it 
involves  so  many  variable  and  seemingly  indeterminate  elements. 
Reports  on  matters  of  this  class  need  a  great  deal  of  care  and  at- 
tention. It  is  seldom  the  case  that  the  same  set  of  financial  men 
will  become  equally  interested  in  both  power  and  railway  pro- 
jects ;  usually  they  confine  their  attention  to  one  or  the  other  and 
do  not  overlap. 

Economically  the  position  of  the  sales  engineer  is  that  of  a 
producer.  He  enjoys  numerous  benefits  aside  from  the  compensa- 
tion afforded.    Among  these  are : 

First,  the  opportunity  to  keep  in  touch  closely  with  the  real 
and  prospective  development  (in  his  line)  of  a  few  states  par- 
ticularly and  of  the  entire  country  in  general 

Second,  the  opportunity  to  keep  tolerably  close  to  engineer- 
ing work  in  general  and  perhaps  one  or  more  of  its  branches  in 
particular. 

Third,  the  value  of  getting  advance  information  covering 
a  new  system  or  a  new  phase  of  an  old  system,  thus  keeping  per- 
haps a  little  ahead  of  the  times  instead  of  abreast  of  them. 

The  term  "sales  engineer"  is  one  of  comparatively  new  coin- 
age, but  as  it  describes  very  well  a  class  of  services  likewise  of 
tender  years,  its  use  will  no  doubt  grow  until  its  true  meaning 
is  thoroughly  understood.  It  has  been  the  writer's  intention  to 
explain  somewhat  in  detail  just  the  manner  of  man  involved  and 
his  work. 


THE  FLOW  OF  NEBRASKA  STREAMS  AND 
ITS  RELATION  TO  RAINFALL. 

By  J.  C.  Stevens,  Hydrographer,  U.  S.  Geological  Survey. 


To  guess  at  the  tithe  and  multiply  by  ten  is  more  accu- 
rate than  guessing  at  the  final  result,  is  a  doctrine  never  preach- 
ed but  not  infrequently  practiced.  An  engineer  who  would  not 
think  of  guessing  at  the  mean  annual  flow  of  a  stream,  will 
guess  at  the  yield  in  inches  of  depth,  or  the  percentage  of  rain- 
fall appearing  as  run-off,  with  reckless  abandon  multiply  by  the 
drainage  area,  divide  by  the  number  of  days  in  the  year  times 
.0372  and  tell  the  mean  discharge  to  a  nicety. 

No  small  amount  of  study  has  been  given  to  the  subject 
of  rainfall,  volumes  have  been  written  about  it,  and  many  lib- 
erties have  been  taken  with  the  records  when  applying  them 
to  the  determination  of  stream  flow.  For  years  engineers  and 
scientists  have  been  endeavoring  to  determine  a  general  rela- 
tion between  these  quantities.  The  net  results  so  far  obtained 
may  be  briefly  stated  in  relative  terms.  A  heavy  rainfall  pro- 
duces a  large  run-off,  in  dry  years  the  run-off  is  less  than  in 
wet  years.  "More"  and  "less"  are  just  about  as  concrete 
terms  as  one  dare  apply  to  this  relation. 

Observe  the  exact  nicety  with  which  Mr.  Thomas  Russell, 
in  Rainfall  and  River  Outflow  in  the  Mississippi  Valley,  Ann. 
Report  Chief  Signal  Officer  for  the  year  1889,  has  developed 
formulas  for  that  valley.  His  formula  for  the  Upper  and  Mid- 
dle Missouri  is : 

0=o.i2-fo.98  R — 0.93  R  (0.91-? — o.22oe2+o.oo9e3)   where 

0=outflow  or  run-off  in  cubic  miles. 

R=  rainfall  for  the  same  period  in  cubic  miles. 

e=  quantity  of  water  required  to  saturate  the  air. 
For  October  1881  this  formula  gives  an  outflow  of  4.9  cubic 
miles,  while  the  observed  run-off  was  1.6  cubic  miles.  Only, 
an  error  of  two  hundred  and  six  per  cent !  As  if  the  discharge 
of  the  Missouri  River  at  Omaha  is  dependent  in  any  manner 
upon  the  simultaneous  rainfall  in  Montana.  George  W.  Raf- 
ter* strenuously  objects  to  the  term  "percentage  of  rainfall 
or  anything  approximating  to  it,"  and  yet  in  the  next  paragraph 
we  see  the  statement  "Usually  about  0.75  of  0.85  of  the  total 
rainfall  of  this  period  appears  as  run-off  in  the  stream/  What's 
in  a  name?  He  gives  a  diagrammatic  relation  between  the 
annual  precipitation  and  run-off  from  a  number  of  watersheds 
in  the  eastern  part  of  the  United  States. 
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For  the  Hudson   River  the  observed  values   for  the  con- 
secutive years  of  1889  and  1900  show  a  variation  of  50%  fromy 
that  given  by  the  curve,  for  which  he  has  developed  the  equa- 
tion : 

P2=84.5  R 
where  P=annual  precipitation 
R=annual  rainfall. 

He  prefaces  his  remarks  by  the  statement  "In  computing 
the  run-off  of  various  streams,  small  discrepancies  will  contin- 
ually appear,  and  when  such  do  not  exceed  1  to  2  inches  they 
are  outside  the  limits  of  discussion."  Two  inches  is  four  times 
the  annual  run-off  from  the  drainage  basin  of  the  Republican 
River,  and  practically  excludes  all  streams  of  the  western  plains 
from  the  discussion.  Yet  many  instances  can  be  cited  where 
engineers  have  applied  the  discussions  and  formulas  developed 
for  streams  in  the  eastern  humid  part  of  the  United  States  to 
streams  in  the  arid  West,  and  with  this  flimsy  foundation  built 
works  of  considerable  magnitude,  only  to  find  themselves  out- 
witted by  nature. 

*It  is  therefore  high  time  that  some  actual  facts  and  fig- 
ures were  given  and  the  marked  individuality  of  the  streams 
of  the  plains  in  this  regard  forcibly  pointed  out. 

Negative  information  is  often  the  most  valuable,  and  here 
we  have  plenty. 

USES  OF  STREAM  FLOW  DATA. 

It  will  be  necessary  to  first  give  a  brief  review  of  the  uses 
to  which  stream  discharges  are  put,  and  the  quantities  to  be 
determined  for  these  several  usages.  In  general  all  demands 
for  discharge  data  can  be  classified  under  one  or  more  of  the 
headings,  Irrigation,  Water  Power,  or  Municipal  Water  Supply. 

Irrigation  generally  demands  the  most  complete  data,  for 
if  a  stream  does  not  furnish  sufficient  water  for  the  draft  upon 
it  during  the  irrigation  season,  storage  is  usually  resorted  to 
where  such  is  practicable.  In  the  event  of  a  stream  being  re- 
quired to  furnish  its  entire  annual  yield  in  the  most  economical 
manner,  it  is  necessary  to  know  the  mean  daily  discharge  for 
every  day  in  the  year,  for  a  number  of  years.  With  such  rec- 
ords at  tend,  the  remaining  quantities,  namely,  minimum  flow 
and  its  duration,  floods  and  their  duration,  excesses  over  de- 
mand available  for  storage  and  their  distribution  can  be  de- 
termined. The  flow  of  a  stream  and  the  demands  upon  it  can 
be  mapped  as  completely  and  concisely  as  a  township  of  land. 

Water  Power.  It  is  seldom  feasible  to  resort  to  exten- 
sive artificial  storage  in  order  to  render  a  stream  suitable  for 
water  power  development.  In  general  the  capacity  of  a  hyd- 
raulic plant  is  limited  to  the  minimum  flow  of  the  stream,  and 
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where  such  minimum  is  insufficient  for  the  required  load  it  is 
usually  cheaper  to  have  an  auxilliary  steam  plant  to  tide  over  a 
low  water  period  than  to  resort  to  artificial  storage.  The  data 
therefore  required  for  water  power  is  (i)  the  minimum  dis- 
charge and  its  duration;  (2)  the  flood  discharge  in  order  that 
suitable  spillway  capacities  in  diversion  dams  can  be  provided 
as  well  as  to  provide  protection  for  power  house,  flumes,  etc., 
and  for  the  proper  design  of  headgates.  In  general  therefore, 
guaging  stations  maintained  during  low  water  periods,  together 
with  occasional  measurements  of  flood  discharges  will  "fur- 
nish sufficient  data  for  water  power  development. 

Municipal  Water  Supply.  The  actual  quantity  of  water 
required  for  municipal  purposes  is  relatively  small  compared  with 
the  uses  before  mentioned,  and  where  surface  waters  are  used 
for  this  purpose  the  only  requisite  is  that  the  minimum  discharge 
shall  not  fall  below  the  maximum  rate  of  consumption,  while 
a  knowledge  of  the  flood  discharge  is  valuable  only  for  the  pro- 
per design  of  diversion  works.  On  the  basis  of  a  water  con- 
sumption at  the  rate  of  100  gallons  per  day  per  capita,  10  cubic 
feet  per  second  will  supply  a  city  with  a  population  of  65,000 
inhabitants,  while  the  flow  of  the  Niobrara  River  in  Nebraska 
would  supply  Greater  New  York  with  an  abundance  of  water 
without  the  elaborate  system  of  storage  now  in  existence. 

THE  RAINFALL-RUN-OFF  RELATION. 

In  an  arid  country,  since  a  knowledge  of  the  distribution 
and  duration  of  the  various  rates  of  stream  discharges  is  a 
requisite  for  its  proper  development,  it  is  hardly  necessary  to 
say  that  no  method  can  compare  in  reliability  with  that  of  actual 
systematic  stream  measurements,  extending  over  a  period  of 
several  years.  It  will  also  be  evident  after  a  little  investiga- 
tion that  records  of  rainfall  are  entirely  inadequate  for  this 
purpose.  It  is  however  frequently  necessary  to  make  some  es- 
timate of  the  quantity  of  water  yielded  by  a  particular  drain- 
age basin,  on  which  no  systematic  records  of  stream  flow  have 
been  kept.  In  such  cases  it  is  almost  useless  to  attempt  the 
determination  of  the  time  distribution  of  the  various  rates  of  dis- 
charge, but  efforts  must  be  confined  to  that  of  discovering  either 
the  mean  annual  yield,  the  quantity  supplied  year  by  year,  or  that 
supplied  during  distinct  climatological  periods  of  the  year.  This 
follows  from  the  law  of  averages  that  individuality  is  sac- 
rificed for  the  determination  of  class  likeness.  Hence  the 
longer  the  period  for  which  the  total  yield  is  required  the  more 
reliable  will  our  estimate  be. 

In  order  to  substantiate  the  foregoing  it  is  only  necessary 
to  consider  some  of  the  natural  conditions  affecting  the  relation 
between  the  discharge  of  a  stream  and  the  precipitation  on  its 
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watershed.  The  causes  of  rainfall  are  too  complex  and  too 
little  understood  to  be  discussed  here.  All  authorities  are 
agreed  that  "in  order  to  produce  rain  the  temperature  of  the  air 
must  be  suddenly  cooled  below  the  dew  point,"  which  however 
cannot  be  given  as  a  cause  of  rainfall,  but  follows  directly  from 
our  definition  of  "rainfall"  and  "dew-point."  Whatever  its 
cause  it  is  sufficient  for  our  purpose  to  know  that  rain  does 
fall  and  that  the  United  States  Weather  Bureau  is  chiefly  con- 
cerned in  the  determination  of  its  amount  and  distribution. 
Since  all  flowing  water  must  at  some  recent  period  have  passed 
through  the  state  of  precipitation,  it  follows  that  there  must 
be  some  definite  relation  between  rainfall  and  run-off,  and  the 
fact  that  we  cannot  determine  this  relation  is  merely  proof 
that  we  cannot  take  into  account  all  the  conditions  influencing 
this  relation.  These  conditions  are  best  illustrated  bv  con- 
crete  examples.  Let  us  take  first  the  simplest  possible  case, 
that  of  an  impervious  roof  of  known  area  and  known  slope 
from  which  the  water  is  conducted  by  eave  troughs  over  a 
weir  to  a  reservoir.  Assume  also  a  rain  guage  in  place  to  de- 
termine the  precipitation.  ,  Disregarding  the  effect  of  eva- 
poration, the  total  quantity  falling  on  the  roof  in  any  period  of 
time  will  later  appear  in  the  reservoir  and  should  be  the  depth 
times  horizontal  projection  of  the  area.  The  determination 
of  the  rate  of  run-off  is  a  different  proposition,  since  to  find 
this  we  must  know  the  rate  of  rainfall,  then  from  observation 
of  the  rate  of  flow  over  the  weir  and  the  storage  capacity  of 
conduits  to  the  weir  and  the  rate  at  which  water  was  stored 
therein,  we  could  determine  the  relation  between  the  rate  of 
rainfall  and  the  rate  of  run-off  for  that  particular  roof,  at  that 
particular  angle,  with  that  particular  system  of  conducting  the 
water  therefrom.  The  mean  rate  is  of  course  the  total  quantity 
precipitated,  divided  by  the  time,  but  that  is  merely  expressing 
quantity  in  another  unit.  The  maximum  rate  would  be  indeter- 
minate without  elaborate  preparations. 

If  now  instead  of  the  smooth  impervious  roof  we  take  an 
area  of  sod,  soil,  sand,  and  gravel  of  unknown  thickness.  The 
quantitative  determination  could  even  in  this  case  be  made,  but 
we  would  have  to  take  into  account  the  previous  saturated  con- 
dition of  the  material  and  the  evaporation  since  our  observations 
would  have  to  be  extended  over  a  much  longer  period  of  time 
to  attain  any  degree  of  accuracy.  The  maximum  rate  of  run-off 
could  be  determined  for  only  that  particular  condition  of  satura- 
tion existing  previous  to  the  rainfall. 

When  we  consider  that  the  conditions  in  nature  are  far  more 
complicated  than  we  are  able  to  illustrate  by  a  simple  case  like 
the  above,  that  the  precipitation  occurs  under  all  climatic  con- 
ditions from  torrential  "cloud  bursts"  of  a  few  minutes  duration 
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to  gende  showers  lasting  for  weeks,  from  driving  blizzards  on 
frozen  ground  to  fleecy  snows  that  melt  into  slush  during  the 
day  and  freeze  at  night;  when  we  consider  that  our  records  of 
precipitation  at  best  are  only  approximations,  with  rarely  any 
attempt  at  rate  determination,  and  that  frequently  our  stream 
flow  data  are  just  as  inaccurate  and  incomplete,  who  can  blame 
the  engineer  for  guessing  at  the  tithe  and  multiplying  by  ten  ? 

RUN-OFF  FORMULAS. 

Bearing  in  mind  then  that  a  determination  of  the  rate  of 
stream  discharge  from  records  of  rainfall  is  practically  out  of  the 
question,  and  that  any  quantative  analysis  is  only  the  roughest  ap- 
proximation, an  examination  of  some  of  the  formulas  now  in  use 
purporting  to  express  this  relation  will  be  of  interest. 

Formulas  for  Maximum  Discharge.  Mr.  J.  T.  Fanning 
proposes  the  formula 

D=20O  M   5/6 
where  D  is  the  discharge  in  second  feet  and  M  the  drainage  area 
in  square  miles.    This  relation  was  determined  from  plotting  the 
flood  discharge  of  some  American  streams.    No  mention  is  made 
of  the  kind  or  size  of  drainage  areas  to  which  it  is  applicable. 

The  Ryvcs  formula  is :  « ! 

D=C  M   -'/,  / 

and  Colonel  Dickens  proposes  : 

D=C  M  * 

In  the  last  two  C  is  a  sliding  coefficient,  depending  upon  the 
natural  characteristics  of  the  drainage  basin.  For  the  Dickens' 
formula,  C  has  the  following  values  for  flat  countries;  where 
rainfall  of  from  3.5  to  4  inches  in  twenty-four  hours  may  occur, 
200;  for  a  maximum  rainfall  of  6  inches,  300;  the  Ryves  co- 
efficient varies  between  400  and  500  in  flat  countries. 

Let  us  see  what  such  formulas  for  Nebraska  streams  will 
give.  Colonel  Dickens'  formula  is  perhaps  the  most  conservative, 
and  using  a  coefficient  of  200  we  find  the  following  maximum 
rates  of  discharge : 

Elkhorn  River  at  mouth,  5980  square  miles,  139,000  sec.  ft. 

Loup  River  at  mouth,  13540  square  miles,  250,000  sec.  ft. 

Republican  River  at  Superior,  22,350  sq.  mi.  366,000  sec.  ft. 

I  predict  that  if  ever  such  quantities  of  water  should  come 
down  these  rivers,  a  new  map  of  the  state  will  be  required  at 
°nce.  The  maximum  recorded  discharges  are,  for  the  Elkhorn 
9.600,  Loup,  26,000,  Republican  25,000. 

But  it  will  be  contended  that  these  formulas  were  never  in- 
tended to  apply  to  such  large  areas  in  arid  countries.  The  Salt 
River  of  Arizona  with  steep  bare  slopes  has  a  drainage  area  of 
12,260  square  miles  at  Phoenix.     The  maximum  observed  dis- 
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charge  in  1891  was  about  300,000  second  feet,  which  would  fall 
very  near  Colonel  Dickens'  curve. 

Formulas  for  Minimum  Discharge.  When  we  realize  that 
the  Platte  and  Republican  Rivers  go  entirely  dry  and  that  the 
Niobrara  and  Loup  Rivers  have  a  minimum  flow  of  about  one- 
tenth  of  a  second  foot  per  square  mile  of  drainage  area,  under 
practically  the  same  conditions  of  rainfall,  the  absurdity  of  at- 
tempting to  apply  any  formula  for  minimum  rate  determination  is 
at  once  obvious. 

DETERMINATION  OF  MEAN  ANNUAL  RUN-OFF. 

A  quantitative  determination  of  the  tatal  yield  of  a  water- 
shed during  distinct  climatological  periods  of  time  can  often  be 
approximated  with  some  show  of  reason,  provided  we  use  average 
or  normal  values  for  such  periods.  I  will  say  further  that 
the  determination  of  stream  flow  from  rainfall  records  must 
legitimately  be  limited  to  this  problem  on  account  of  the  large 
debits  and  credits  at  the  beginning  and  end  of  short  periods 
of  time.  To  illustrate :  the  percentage  of  rainfall  apearing  as 
run-off  in  a  single  month  will  depend  among  other  things  upon 
the  saturated  condition  of  the  soil  at  the  beginning  of  the  month. 
If  the  ground  water  is  depleted,  a  large  part  of  the  precipita- 
tion will  go  to  augment  the  ground  storage,  if  on  the  other  hand 
ground  water  is  above  the  normal  quanity,  a  much  larger  per- 
centage of  precipitation  will  run  off  from  the  watershed.  Again 
if  a  heavy  rainfall  appears  at  the  end  of  the  month  the  total  run- 
off for  that  month  might  be  very  low  and  the  rainfall  compara- 
tively high,  while  the  following  month  the  conditions-  would  be 
reversed.  It  is  therefore  necessary  to  consider  longer  periods 
of  time,  and  for  convenience  the  year  is  considered  in  two  seasons 
designated  as  the  Open  Season,  from  April  to  October,  inclusive, 
and  the  Closed  Season  from  November  to  March,  inclusive.  In 
the  plains  of  the  Middle  West,  on  account  of  uncertain  ice  con- 
ditions, it  is  impossible  without  great  expense  to  obtain  stream 
flow  data  during  the  Closed  Season,  hence  the  discharge  of 
Nebraska  streams  is  known  only  for  the  Open  Season.  In  1897 
daily  discharges  were  tabulated  (luring  the  Closed  Season  for 
Nebraska  stations  from  rating  curves  developed  during  the  Open 
Season,  but  they  are  not  only  incorrect  but  grossly  misleading. 
I  have  seen  the  Platte  River  frozen  practically  solid  to  the  bed, 
the  position  of  the  water  on  the  gauge  which  if  applied  to  the 
Open  Season  rating  curve  would  indicate  a  discharge  of  four 
or  five  thousand  second  feet,  when  as  a  matter  of  fact  there  was 
less  than  a  hundred  trickling  along  under  the  ice. 

Spring  Floods  on  the  Platte  River.  It  is  popularly  believed 
that  the  magnitude  of  the  periodic  spring  floods  on  the  Platte 
River  depend  entirely  upon  the  quantity  of  snowfall  on  its  head- 
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waters  during  the  preceding  winter,  but  it  appears  that  this  is 
only  partially  true,  that  is  to  say,  there  are  so  many  other  in- 
fluences such  as  the  previous  conditions  of  the  soil  saturation, 
and  the  manner  in  which  the  winter  snows  are  melted  that  the 
relation  between  these  quantities  is  not  at  once  apparent.  In 
table  i  the  total  run-off  as  measured  at  North  Platte  for  the 
flood  period  of  each  year,  April  to  July  inclusive,  is  compared 
with  the  total  precipitation  on  the  drainage  basin  above  that 
point,  for  the  preceding  winter  season,  November  to  March 
inclusive. 

TABLE  i. 

Relation  of  Winter  Snowfall  on  Headwaters  of  North  Platte 
River  to  total  Run-off  During  the  Following  Spring  Flood 
Period  at  No.  Platte,  Neb. 


1895 . 
1896  ' 

1896, 
1897  J 

1897: 

18981 

1898 
1899 

1899- : 
1900  ' 

L900 
1901  1 

1901 
1902 

1902 
1903 

1903 
1904 

1904 
1905 

1  Av. 

Precipitation 
Nov.  to  Mar. 

3.06 

3.24 

2.73 

5.00 

1.59j  2.69 

3.24 

i 
i 

3.59!    1.46 

1 

2 .  28 

2.89 

Departure 
From  Average 

+.17 

+•35 

—.16 

+2.11 

—  1.30 

-.20 

+.35 

+.70 

+  1.43 

—  61 

•  •  *  • 

Run  off  April 
and  July 

.57 

1.46 

.66 

1.62 

1.05 

.84 

.61 

.74 

.86 

1.38 

.98 

Departure 
from  Average 

—41 

+.48 

—.32 

+.64 

+.07 

-.14 

-  .37 

—  24 

• 

-12 

+.40 

,    •    •  •  • 

It  will  be  seen  that  in  1896  the  run-off  was  only  about  half 
the  average  for  the  ten  years  following,  although  the  precipita- 
tion was  considerably  above  the  average.  This  is  explained  by 
the  fact  that  during  the  three  preceding  years,  1893  to  1895 
inclusive,  the  precipitation  throughout  Nebraska  and  neighbor- 
ing states  was  far  below  the  normal,  and  the  ground  water  was 
greatly  depleted  so  that  the  larger  precipitation  in  1896  was  used 
up  in  restoring  the  ground  water  to  more  nearly  its  normal  con- 
ditions and  therefore  did  not  appear  in  the  stream.  The  maxi- 
mum precipitation  and  run-off  occurred  simultaneously  in  1898 
and  1899,  which  no  doubt  resulted  in  an  abnormal  amount  of 
ground  storage  so  that  during  the  following  season  in  spite  of 
the  fact  that  the  precipitation  was  only  about  half  the  average, 
the  run-ofT  was-  above  the  normal.  Th-  excessive  floods  which 
occurred  in  the  summer  of  1905  (see  Table  X)  were  evidently 
rot  solely  caused  by  snowfall  in  the  mountains.  ?s  the  precipi- 
tation for  the  preceding  winter  was  far  below  the  normal. 
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Fig.  1. 

Returning  to  the  subject  of  annual  run-off  and  its  relation  to 

annual  precipitation,  Mr.  F.  H.  Newell,  Chief  Engineer  U.  S. 
Reclamation  Service,  about  1898  prepared  a  set  of  curves  from 
all  data  then  available  which  express  perhaps  the  best  known  ela- 
tion between  these  quantities.  These  curves  now  known  as  the 
"Newell  Curves,"  are  reproduced  in  figure  1,  on  which1  are  also 
platted  the  run-off  in  inches  as  measured  at  the  U.  S.  Geological 
Survey  stations  for  the  Elkhorn  River  at  Norfolk,  the  Niobrara 
River  at   Valentine,   the  Loup   River  at  Columbus,  the   North 
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Platte  River  at  North  Platte  and  the  Republican  River  at  Bost- 
wick,  with  the  corresponding  precipitation  in  inches  on  their 
drainage  basins,  taken  from  records  of  the  U.  S.  Weather 
Bureau.  It  is  true  that  the  run-off  here  plotted  is  only  for  the 
Open  Season,  but  the  precipitation  for  the  same  period  is  used. 
If  we  had  complete  yearly  records  of  runroff  and  had  used  cor- 
responding yearly  values  of  precipitation  the  relative  position  of 
the  points  would  not  be  materially  altered  as  each  would  then  ap- 
pear above  and  to  the  right  of  the  position  now  occupied.  More- 
over, the  amount  they  would  appear  to  the  right  of  their  present 
position  would  be  small  compared  with  the  distance  they  would 
be  moved  upward,  for  the  reason  that  the  precipitation  during  the 
winter  months  is  a  very  small  proportion  of  the  annual  amounts, 
(see  Fig.  2),  but  this  difference  does  not  exist  for  the  run-off 
factor.  In  other  words  the  percentage  of  precipitation  appearing 
as  run-off  is  much  greater  in  winter  than  during  the  remainder 
of  the  year ;  so  that  if  we  had  complete  records,  it  is  believed  that 
the  mean  annual  values  for  the  Loup  and  Niobrara  Rivers  would 
not  fall  far  short  of  the  curve  for  gentle  slopes.  The  Republican 
and  North  Platte  Rivers  are  hopelessly  incongruous. 

AVAILABLE  DATA. 

As  a  guide  to  the  quantitative  determination  of  run-off  for 
streams  other  than  those  investigated  by  the  U.  S.  Geological 
Survey,  existing  under  similar  climatic  conditions,  there  is  pre- 
sented herewith  all  the  available  data  collected  on  Nebraska 
streams,  which  are  of  a  sufficiently  reliable  nature  to  justify 
their  use  in  this  connection. 

Units.  In  the  following  tables  and  in  the  previous  dis- 
cussion, run-off  is  expressed  in  inches  of  depth,  and  is  the  depth 
to  which  the  total  quanity  of  water  passing  the  gauging  station 
would  have  covered  a  plane  surface  equal  in  extent  to  the  drain- 
age area  of  the  stream  above  that  point.  In  this  manner  the 
flow  of  a  stream  becomes  at  once  comparable  with  rainfall  which 
is  measured  in  inches  of  depth. 

It  is  unfortunate  that  the  term  "run-off"  has  been  applied 
to  so  many  different  units.  In  this  discussion  it  has,  and  always 
should  be,  used  to  denote  a  total  quantity,  and  not  a  rate  of  flow. 
It  may  be  expressed  as  depth  in  inches  over  the  drainage  area  or 
in  acre  feet.  Rate  of  flow  is  properly  denoted  by  the  term 
"discharge"  and  should  be  expressed  in  cubic  feet  per  second — or 
for  brevity,  second-feet — although  usage  has  sanctioned  the  term 
"million  gallons  per  twenty-four  hours"  in  connection  with  muni- 
cipal water  supply.  For  more  complete  description  of  the  catch- 
ment areas  of  the  streams,  for  which  data  are  presented  here- 
with, the  reader  is  referred  to  the  19th  and  subsequnt  Annual 
Reports  of  the  U.  S.  Geological  Survey,  Pt.  4. 
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Fig.   2, 

Descriptions  of  Drainage  Basins.  The  .Elkhorn  River  is 
wholly  in  Nebraska.  Its  area  is  rolling,  broken  in  places,  and 
largely  cultivated  or  grass  grown.  It  heads  in  the  sand  hills 
of  Rock  County. 

The  Niobrara  and  Loup  River  drainage  areas  are  similar. 
Consisting  largely  of  rolling  sand  hills;  tliey  are  given  over  to 
range  land,  or  cultivated  in  small  tracts  where  the  soil  is  firm. 
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The  sand  areas  are  the  controlling  features  of  these  streams, 
since  the  precipitation  thereon  is  absorbed  by  the  sand  and  grad- 
ually fed  to  the  stream  in  the  form  of  springs.  To  this  fact  alone 
is  due  the  remarkable  constancy  of  flow  observed  on  both  rivers, 
as  their  drainage  areas  act  in  themselves  as  conserving  reservoirs. 
The  North  Platte  River  partakes  of  the  nature  of  a  mountain 
stream  and  a  river  of  the  plains.  It  rises  in  Northern  Colorado, 
drains  a  large  mountainous  area  in  Wyoming,  and  traverses 
Nebraska  on  a  bed  of  sand.  It  receives  no  large  tributaries  after 
leaving  Wyoming.  Its  drainage  area  in  Nebraska  is  rolling  range 
land  with  cultivated  valleys. 

The  Republican  River  is  not  unlike  the  North  Platte  except 
that  it  has  not  the  mountainous  headwaters.  In  Colorado  its 
drainage  basin  is  table  land  broken  by  canyons  and  gullies  and 
interspersed  with  low  hills  and  rocky  scab  land.  In  Nebraska 
it  drains  a  considerable  area  of  sand  hills,  which  however  is  only 
a  small  portion  of  the  entire  catchment  basin. 

Explanation  of  Tables.  Tables  II  to  V  give  the  total  monthly 
precipitation  on  the  drainage  basins  of  the  rivers  mentioned  above 
for  the  ten  years  1895  to  1905  inclusive,  together  with  the 
normals  compiled  from  records  of  a  much  longer  duration.  Each 
figure  in  the  tables  is  a  mean  value  obtained  from  a  number  of 
well  distributed  stations  throughout  the  basin. 

The  precipitation  in  Nebraska  decreases  at  the  rate  of  about 
4  1-2  inches  per  hundred  miles  as  we  go  westward.  It  has 
therefore  been  necessary  to  avoid  giving  too  much  weight  to 
the  eastern  portions  of  a  drainage  basin,  since  available  records 
predominate  here  to  the  exclusion  of  the  Western  part,  that  is  to 
say,  the  rainfall  should  be  weighted  by  the  area  served  by  that 
station,  evidently  an  indeterminate  problem,  or  care  t^ken  to 
choose  stations  that  serve  equal  areas.  Where  records  for  any  one 
station  were  incomplete  the  rainfall  for  an  adjoining  station 
has  b^en  used. 

Tables  VII  to  XI  give  the  run-off  in  inches  as  measured  at 
the  gauging  stations  of  the  U.  S.  Geological  Survey,  together 
with  the  monthly  rainfall  for  each  month  covered  by  the  run-off 
records.    The  run-off  is  also  expressed  in  percentages  of  the  rain- 
fall for  the  same  period  of  time.     The  records  for  individual 
months  are  of  little  value  except  to  show  how  great  the  variation 
is.    At  the  end  of  each  table  will  be  found  mean  values  for  each 
month,  and  a  summary  of  total  amounts  for  the  season.    In  these 
we  do  not  find  such  wide  variation,  but  the  relation  is  vet  any- 
thing but  apparent.    Note  the  remarkably  low  percentage  for  the 
Republican  River. 

In  order  to  show  more  concisely  the  relation,  the  mean  and 
total  values  at  the  end  of  each  table  have  been  plotted  and  are 
presented  in  figures  2  and  3. 
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Figure  2  gives  the  monthly  precipitation  for  the  entire 
normal  year,  and  directly  below  the  monthly  run-off  for  the 
average  season,  records  not  being  of  long  enough  standing  to 
establish  normal  values. 


Fig.   3. 
Figure  3  gives  the  total  seasonal  values  of  the  rainfall  and 
run-off.  The  same  scales  have  been  used  throughout  in  order  to 
show  the  relation  and  characteristics  of  each  stream. 
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CONCLUSIONS. 

The  streams  of  the  Western  plains  have  a  marked  individ- 
uality in  respect  to  the  rainfall-run-off  relation,  compared  with 
streams  in  other  portions  of  the  United  States,  and  formulas 
elsewhere  applicable  are  wholly  inadequate  and  may  lead  to 
grossest  errors. 

Formulas  for  maximum  and  minimum  discharge  are  worth- 
less. 

The  magnitude  of  spring  floods  in  the  Platte  River  is  not 
dependent  upon  the  snowfall  in  Wyoming  during  the  preceding 
winter. 

The  run-off  during  the  winter  months  cannot  be  arrived  at 
through  the  use  of  precipitation  records.  Considerable  time  was 
spent  in  an  endeavor  to  determine  rational  values  for  winter 
flow,  from  winter  records  of  precipitation.  It  is  undoubtedly 
true  that  a  much  larger  percentage  of  the  precipitation  appears 
a.^  run-off  in  the  winter  than  during  the  remainder  of  the  year,  but 
just  what  the  ratio  of  the  percentages  of  rainfall  for  the  two 
periods  is,  is  wholly  indeterminate. 
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TABLE  NO.  VI. 
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Norfolk,   Nebraska. 
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TABLE  NO.  VIII. 

Niobrara   River   at   Valentine,    Nebraska. 
Drainage  Area  6,070  sq.  mi. 

1901 


Rainfall     

Run-off    

Per  cent  Rain 


Rainfall     

Run-off    

Per  cent  Rain 

Rainfall     

Run-off    

Per  cent  Rain 

Rainfall     
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Run-off    

Per  cent  Rain 
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Run-off    

Per  cent  Rain 
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TABLE   NO    IX. 
Loup    River    at    Columbus. 

Drainage  Area   13,540  sq.   mi. 
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Run-off     I      -300 

Per    cent    of   Rainfall    |    7.7 


Rainfall     

Run-off     

Per   cent   of   Rainfall 
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1899 

Rainfall     I      .98  |    2.91  | 

Run-off     I       .267!       .2501 

Per   cent   of   Rainfall    |  27.2    |    8.6    | 

1900 

Rainfall     |    4.47  |    2.57  | 

Run-off     I       .280|       -310| 

Per   cent   of   Rainfall    |    6.3    I  12.1    | 

im 

Rainfall     I    1.92       1.61 

Run-off     I       .270       .200) 

Per    cent   of    Rainfall    |  14.1       12.4 

1902 

Rainfall     I    1.42  f    4.27 

Run-off     I       .200       .280 

Per    cent    of   Rainfall    |  14.1    I    6.6 

1903 


4.94  | 

.253| 

5.1    | 

4.11  | 

.200| 

4.9    | 

2.34 
.330 
14.1 


.98 
.1811 
18.5 

4.12 
.230 
5.6 

2.53 
.200 
7.9 

2.88 
.160 
5.6 


3.92  |  2.47 
.330|       -200 

8.4    I  8.1 

2.30  |  5.50 

.290[      .280! 

12.6    |  5.1 


Rainfall     

Run-off     

Per   cent   of   Rainfall 


1.56 
.331 
21.2 


5.46 
.347 
6.4 


4.92 

.290 
5.9 

4.45  | 

.270| 

6,1    ( 

1.68 

.2621 
15.6 


.90 
.200 

OO    9 

*<•..  id 

6.29 
.480 
7.6 

6.88 
.292 
4.2 


2.49 

.1951 
7.8 

.89 
.226 
25.4 

2.96 
.200 
6.8 

2.84 
.230 
8.1 

2.93 
.200 
6.8 

3.67 
.300f 
8.2 

1.58 
.200 
12.6 

3.77 
.400 
10.6 

5.01  I 
.458 
9.1 


1.81 

.200 
11.0 

2.10 
.203 
9.7 


.20 

.209 

.104 

1.40 
ooo 

16.6    ( 


1.16 

3.02 

.160 

.360 

13.8 

11.9 

1.36 
.170 
12.6 

.80 
.180 
25.7 

2.41 

.2*0) 
11.6 

4.89 

.230) 
4.7 

3.44 
.270 
7.8 

.87 
.228 
26.2 


.83 
.210 
26.6 

.29 
.160 
66.2 

1.72 
.280 
16.3 

1.93 
.200 
10.4 

1.96 
.250 
12.8 

1.00 
.237 
23.7 


16.78 
1.577 
9.4 

20.83 
1.746 
8.4 

18.92 
1.630 

8.6 

16.94 
1.690 
9.6 

14.20 
1.687 
11.2 

22.84 

20.20 

8.9 

17.76 
1.590 
9.0 

25.69 
2.160 
8.4 

22.46 
2.166 
9.6 
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Rainfall 
Run-off 
Per  cent 

Rainfall 
Run-off 
Per   cent 

Rainfall 
Run-off 
Per  cent 


of  Rainfall 


of  Rainfall 


of   Rainfall 


1904 


1.67 

4.10 

1    6.63 

6.13 

2.41 

2.24 

3.06  1 

.276       .2611      .3691      .362 

.200 

.196 

.260 

17.6        6.1        6.6        6.9 
1906 

8.3 

8.7 

1    8.1    1 

4.16  1    6.64  1   -6.07 

4.68 

1.93  1 

1    3.81 

.74 

.463       .738       .668 

.772 

.691 

.464 

.347 

10.9    1  11.3    )  11.0 

16.8 

30.6 

12.2 

46.9 

Ten   Year   Means 

2.88 

3.18 

4.16  1    3.69  | 

2.36 

2.03 

1.39 

.290 

.310 

.323       .306 

.291 

.234 

.248 

10.0 

9.7 

7.8 

8.6 

12.3 

11.6 

17.8 

Totals  for  7-mo  periods 

11896 

16.78 

J  2  gg 

of  Rainfall   9.4 


Summary 


7.6 

27.82 
4.038 
14.6 

19.69 


Rainfall 
Run-off 
Per  cent 


1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903- 

1904 

1906 

20.83 

18.97 

16.94 

14.20 

22.64 

17.75 

26.69 

22.46 

26.06 

27.82 

1.76 

1.63 

1.63 

1.69 

2.02 

1.69 

2.16 

2.16 

1.89 

4.03 

8.4 

8.6 

9.6 

11.2 

8.9 

9.0 

8.4 

9.6 

7.6 

14.6 

Av. 

20.82 
2.00 
9.6 


TABLE  NO.   X. 


North    Platte    River 
Drainage  Area  28,620  sq  mi. 

1896 
Apr. 


at    North    Platte,    Nebraska. 


Rainfall 
Run-off 
Per  cent 


of  Rainfall 


1.83 
.1001 
6 


Rainfall    I    1.41  I 

Run-off     f      .200f 

Per  cent  of  Rainfall|        14) 


Run-off 
Per  cent 


Rainfall 


Rainfall    J  .79  1 

Run-off     f  .260f 

Per  cent  of  Rainfall|  33| 

Rainfall    I  4.34  1 

Run-off     (  .160| 

Per  cent  of  Rainfall]  4| 


Rainfall    I    2.06 


May 
2.17 
.180 
8 
1897 
1.37 
.666 
411 
1898 
4.34 
.210 

J9 

1899 
3.18 
.370 
12| 
1900 
.91 
.380 
42] 
1901 
]  Apr.  |  May  |  June  |  July 


June 
2.66 
.240 
9 

1.26 
.646 

43] 

1.76 
.270 
15] 

1.67 
.660 
33] 

.81 

.420[ 
52 


July 
1.88 
.046 
2 

1.56 
.1491 
10] 

1.68 

.0801 
5) 

1.65 
.440 

28] 

2.39 
.090] 
41 


Aug.  J  Sept.  ]  Oct.  |  Nov. 


1.12 

.037 

3 

1.96 
.116 
61 

.83 
.010] 
1) 

1.23 
.160 
13] 

.58 
.0201 
3 


.67 

.033 

6 

.47 
.0241 
5 


.70 
.046 
7 

1.07  | 
.046 

4 


.46 
.083 
18 

.60 

.0641 
14 


.78 

.63 

.74 

.010 

.020 

.040 

1 

3 

6 

.61 

.040[ 
81 

1.19 

.0041 
0.3 


1.82 
.039[ 
3 


.45 
.070[ 
16 


.64 

.20 

.020 

.040 

4 

20 

Run-off     f 

Per  cent  of  Rainfall! 


Rainfall 
Run-off 
Per  cent 

Rainfall 
Run-off 
Per  cent 

Rainfall 
Run-off 
Per  cent 


of  Rainfall 


of  Rainfall 


of  Rainfall 


.090 
4] 

1.26 
.096 
8 

1.33 
.126 
9 

.99 
.0761 
81 


Rainfall    I    3.46 

Run-off     .1461 

Per  cent  of  Rainfall!         4] 

Apr. 
Rainfall    1    2.66 


Run-off 
Per  cent 


Rainfall 
Run-off 
Per  cent 


of  Rainfall] 


.1351 
6.1 


2.78 
.S10j 

190i 
2.47 
.220 
9 
1903 
2.03 
.197 
10 
1904 
2.87 
.228 
8 
1906 
3.43  | 
.4151 
12| 
Ten 
May 
2.56 
.308 
12.0 


of  Rain 


1896  1  1897 

1898 

11.37   9.69 

11.87 

.7651.729 

.740 

6.7     17.9 

6.2 

2.66 
.380[ 
14] 

2.70 
.201 
7 

1.71 
.267 
16 

2.97  I 
.402 
14) 

2.11 
.675 
27 
Year 
June 
2.03 
.385 
19.0 

Summary. 

1899  I  1900 
10.60  (10.96 

1.91*91  1.134 
18.2    |10.3 


ruly 
.76 
.060 
8 

Aug.  | 
1.17 
.010 
1 

Sept.  | 
1.09 
.040 
0.4 

Oct.  | 

.87 
.050 
6 

Nov. 
.26 
.070 
28 

1.75 
.090 
5 

.99 
.006 
0.5 

2.10 
.019 
9 

.90 
.042 
5 

.14 
.043 
31 

2.11 
.135 
6 

1.79 
.029 
2 

1.56 
.021 
1 

.61 
.044 

9 

.26  1 

.046 

17.3    | 

1.86 

.1491 
8 


.92 
.0161 

2 


1.09 

.0061 
0.5 


.99 

.0471 
6 


.02 

.0591 
295 


2.67 

1.25 

1.32  I 

1      .82 

.62 

.242 

.075 

.023 

.025 

.030 

9 

6 

2 

3 

5 

Means. 

July 

Aug.  |Sept.  |  Oct.  I  Nov.  1 

1.82 

1.18  j    1.07  1      .82 

.37 

.148 

•048       .0221      .038 

.066 

8.1 

4.0 

|    2.0 

4.0 

15.1 

1901 

1902 

1903 

11.63 

12.31 

11.30 

1.010 

.716 

.864 

8.8 

6.8 

7.6 

1904  I  1905 
11.70  115.67 
.9831  1.531 
8.4       9.8 


Total 
11.37 
.766 
6.7 

9.69 
1.729 
17.9 

11.87 
.740 
6.2 

10.60 
1.929 

18.2 

10.96 
1.134 
10.3 

Total 
11.63 

1.01 

8.8 

12.31 
.716 
6.8 

11.30 
.864 
7.6 

11.70 
.983 
8.4 

16.67 
1.531 
9.8 


Av. 

11.71 
1.140 
9.7 
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TABLE   NO.  XL 


Republican   River  at   Bostwick,    Nebraska. 
Drainage    Area*  22,000    sq.    mi. 

1896 


Rainfall     

Run-off     

Per  cent  of  Rainfall) 


Apr. 


May 


1897 


June  I  July 
3.56  I    2.69 


.033 
0.9 


.06 
2.2 


Aug. 
2.64 
.03 
1.1 


Sept. 
1.87 
.01 
0.5 


Oct.  I  Nov.  I  Total 


1.44 

.012 
0.8 


.59     12.78 
.022]      .167 
1.3 


3.7 


3.06 
.01 
3.3 

1.40  1 
.003 
0.2 

4.13 
.01 
0.2 

16.32 

.165 

1.0 

1    1.56 
.01 
0.7 

.88 
1      .01 
1.1 

.55 
.022 
4.0 

20.07 
.236 
1.1 

1.79  |       .22 
.02  |      .002 
1.1    |    0.9 

2.28 
.01 
0.4 


.42  |     .24  |  13.67 
.0021      .004|       .128 
1.7    |    0.9 


0.5 


1.54 

.87 

.28 

16.39 

.007 

.003 

.021 

.141 

0.5 

0.3 

0.8 

0.9 

Rainfall     |    3.96  |    1.22  4.5S  I  2.12 

Run-off     I      .06  |      .02         .022       .05 

Per  cent  of  Rainfall)    1.5    |    1.6    |  0.5  2.4 

189S 

Rainfall     I    2.77  |    4.72  |  3.35  1  2.17 

Run-off     )      .033|      .06  |      .07  |      .02 

Per  cent  of  Ralnfall|    1.2    |    l.a    |  2.1    |  0.9 

1899 

Rainfall     )      .65  |    2.94  |  3.74  |  3.67 

Run-off     J      .03  |      .03  |      .02  |      .02 

Per  cent  of  Rainfall|    4.6    |    1.0    |  0.5    |  0.5 

1900 

Rainfall     I    4.45  I    1.50  |  2.42  |  3.05 

Run-off     I      .04|      .03|      .02  |      .01 

Per  cent  of  Rainfall|    0.9    |    2.0    I  1.2    |  3.3 

(a)    Records  for  1896  to  1903  obtained  at  Superior. 

1901 

Rainfall     |    3.28  |      .96  |  3.13  |  1.10  |    3.35  |    3.97  |      .75 

Run-off     |       .06  |       .02  |       .01  |       .002|       .003|       .06  |       .02 

Per  cent  of   Rainfall)    1.5    |    2.1     I  0.3    |  0.2    |    0.1    |    1.5    | 

1902 

Rainfall     i      .86!    5.52  |  4.67  |  5.41  |    2.35       4.01) 

Run-off     I       .02  |       .07  |       .07  I       .16  |       .03         .06  | 

Per  cent   of   Rainfalli    2.3    |    1.3    |  1.5    )  2.9    |    1.3         1.5    |    2.3    | 

1003 

Rainfall     I    1.3X  |    7.14  1  l.ST,  |  4.67  1    3.611       .53  1    1.08  | 

Run-off     I      .06|       .2:;  |      .10  |  .10  |      .06  |      .02  |      .017| 

Per  cent   of   Rainfall'    3.6    !    3.2    (  5.4    |  2.1     |    1.7    |    3.S    |    1.6    | 

1904 

Rainfall      I | |  5.  IS  |  3.23  |     2.N2  I     1.S3  |    2.611       .07  |  16.04 

Run-off      | I .<»-,<*|       .osr,|       .025'       .009        .026)       .027|       .252 

Per   cent    of    KainfalU 1.4     '  2.7     '    0.9    I    0.4     |     1.0    |  38  j     1.6 

Rainfall      3.70  i     4.56  ,  4.63  '  0.53  i'    1.9S  :     2.45  I     1.03  I i  24. SS 


- .  i 


"!05 


28  |  16.44 
.021|      .186 
7.5    I    1.1 


.14 
.03 

22.4 


25. IS 
.490 
1.9 


.70  I  20.96 
.021)      .598 
3.0    |    2.9 


Run-off     I       .053| 

IVr   cent    of    Rainfall      1.1     ! 


.1<«> 
•>  •» 

"  ll»(if) 


1491 


>) .  - 


'.300|       .1G1|       ,037|       .025| . 
4.6     i     S.l     I     1.5     |     2.4     | 


.825 


3." 


Ton  Year  Moans. 
1  Apr.  |  May  I  June  i  July  I A  us.  'Sept.  I  Oct.  I  Nov.  | 

Rainfall      |     2.03  I     3.57  |    3..1       3.46  I     2.o4  I     2.20  j     1.23  '       .36  i 

Run-off      '       .04  1       .o<L'        .f*VT        .osi:       .036|       .022        .0181       .021 

Per   eent    of    Rainfall      1.5    '     2.0    |     1.5         2.3    !     l.l     j     l.o    I     1.5    |    5.6 

Summary. 
!    1x90  '   l^HT  ■   1MN      1s99  .   1!mh»  !   1i«H    |    umj  |  i<*y»  ■  19,14   i  19<»5  '   Av 

Rainfall      |U'.7s    16.32  120.0?  '13.67    Hi.*!'  '10.  <!  "25.1S  120.%  UG.04  |24.8S  [18.47 

Run-off     JOT      .1651       """  >  •  -■  ii  •>-•»•       «.»-|     'mq 

Per  ••«Mit   of  Rain    1.3    j  1.0    '1.1     !  o.9    '  o.«i    |  1  _  I     |  1.9    "2.9    |  1  6    |  3  3       17 


THE  DEVELOPMENT  OF  TELEPHONE 

TRANSMISSION. 

By  A.  R.  Swoboda,  Instructor  in  Electrical  Engineering. 


It  is  sometimes  said  that  good  theory  is  also  good  practice 
and,  conversely,  that  good  practice  is  good  theory.  Theory  tries 
to  predict  what  will  work  satisfactorily  in  practice,  and  if  these 
predictions  fail,  it  is  because  some  unknown  or  unforeseen  dis- 
turbing factor  has  entered  in.  Sometimes  in  the  working  out  of 
a  problem  no  difficulty  is  anticipated ;  that  is  we  believe  the  the- 
oretical solution  to  be  correct.  The  plan  is  at  once  put  to  a  prac- 
tical test  and  alas,  we  get  results  far  from  those  anticipated.  On 
investigating,  either  experimentally  or  otherwise,  we  find  that 
there  are  factors  which  distort  the  sought  for  results.  We  find 
that,  had  we  known  the  nature  of  these  disturbing  factors  and 
their  true  action  in  amount  and  effect,  failure  could  have  been 
forestalled. 

It  is  thus  seen  that  so  called  theory  and  practice  go  hand  in 
hand,  whirling  each  other  around  temporary  pivots  toward  their 
common  goal.  Such  ha.ve  been  all  developments  and  so  it  was 
with  telephone  transmission.  Thus  in  1844  Morse  constructed 
his  experimental  telegraph  line  between  Baltimore  and  Wash- 
ington, in  which  he  is  said  to  have  attempted  the  use  of  gutta 
percha  insulated  wire  laid  in  a  trench  dug  in  the  earth.  On  ac- 
count of  the  difficulty  of  maintaining  a  high  degree  of  insulation, 
due  to  the  poor  material  then  at  his  disposal,  this  method  of  lay- 
ing wires  was  inadequate  and  recourse  was  had  to  the  aerial  line. 
The  success  of  the  overhead  line  soon  made  it  the  standard  of 
construction  for  telegraphy. 

In  1837  the  discovery  by  Steinheil  that  the  earth  could  serve 
as  a  return  conductor,  was  on  account  of  the  accompanying  sav- 
ing (an  important  influence  in  the  practice  of  new  industry)  put 
into  ready  practise.  We  therefore  find  that  even  into  the  8o's  the 
standard  telegraph  line  was  a  grounded,  iron  wire  pole  line. 

It  is  hard  to  estimate  the  influence  which  telegraphy  had  on 
the  transmission  of  speech.  Being  much  older  it  was  from  its 
fold  that  many  of  the  early  recruits  in  the  telephone  field  were 
drawn  and  records  show  that  nfost  of  the  devices  were  adapta- 
tions from  telegraphy.  Therefore  it  is  not  at  all  strange  that  when 
the  first  telephone  exchange  was  constructed  in  Boston  in  1877, 
the  telephone  line  likewise  followed  closely  the  standard  found 
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serviceable  for  telegraphy.    Even  up  to  the  year  1885  this  method 
of  construction  was  still  common. 

As  soon  as  the  telephone  business  had  developed  to  some 
magnitude  and  with  the  increase  in  lighting  and  trolley  circuits 
it  became  necessary  to  substitute  the  full  metallic  for  the  ground- 
ed line,  on  account  of  the  excessive  noises  present  in  the  latter. 

It  also  developed  that  iron  wire  was  thoroly  inadequate  for 
the  longer  lines  on  account  of  its  high  resistance  and  its  mag- 
netic qualities.  About  1885  we  find  that  as  a  rule  the  limit  to 
telephonic  conversation  was  between  80  miles  to  100  miles  and 
in  the  majority  of  cases  unintelligible  beyond  50  miles. 

Copper  altho  superior  to  iron  in  its  transmitting  qualities 
and  life,  could  not  be  used  for  various  reasons.  First  was  its 
high  cost,  and  second  its  low  tensile  strength.  The  price  of  cop- 
per, due  to  the  electrolytic  refining  process,  steadily  decreased 
so  that  it  was  no  longer  prohibitive*  but  the  low  tensile  strength 
and  elasticity  prevented  its  use  at  any  price,  since  a  soft  copper 
wire  would  break  if  stretched  as  a  span  between  poles.  The 
conductivity  had  steadily  increased  from  42  per  cent  in  the  Calais 
Dover  cable  in  1851  to  96  per  cent  for  the  Atlantic  cable  in  1865. 

When  therefore  Mr.  Doolittle  discovered  the  processes  of 
"hard  drawing''  copper,  that  is  that  copper  could  be  given  a 
hard  surface  by  drawing  it  through  dies  without  heating,  which 
would  give  it  a  tensile  strength  nearly  equal  to  that  of  steel* 
he  may  be  said  to  have  created  a  new  epoch  in  long  distance 
telephony.* 

Experiments  were  made  in  1883  and  1884  by  the  American 
Bell  Telephone  Company  on  a  copper  line  built  for  this  purpose 
between  New  York  and  Boston.  Altho  this  line  was  300  miles 
in  length,  yet  it  gave  results  as  good  as  any  of  the  short  commer- 
cial lines  then  in  use.  As  a  result  of  these  experiments  the 
American  Telephone  and  Telegraph  Company  was  organized  to 
conduct  a  long  distance  service. 

As  an  example  of  the  growth  of  this  service  we  find  on 
January  1st,  1890  in  use  1,919  miles  of  long  distance  pole  line 
with  34,800  miles  of  copper  wire,  beside  806  miles  in  various 
aerial,  underground  and  service  cable.  This  was  an  increase  of 
700  miles  of  pole  line  and  9,588  miles  of  wire  for  one  year.** 
These  developments  in  long  distance  service  had  a  marked 
influence  for  the  better  design  of  local  lines. 

It  required  but  little  time  to  show  that  the  telephone  lines 

were   subject   to   disturbances    due   to   induction.      Induction   is 

♦The  cost  of  a  copper  conductor- is  only   about  2-5  of  total   cost 

of  line  complete,  therefore  the  saving  in  the  use  of  iron  instead  of 

copper  is  a  still  smaller  proportion  of  cost.— Abbott's  "Telephony." 

♦Bronze  wire  altho  used  to  a  considerable  extent  in  Europe  waa 
never  introduced  in  the  United  States. 

♦♦Prescott's— "The   Electric  Telephone." 
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of  two  kinds,  electromagnetic  and  electrostatic.  This  induction 
consists  of  the  transference  of  energy  to  a  telephone  line  from 
any  conductor  running  parallel  to  it  and  carrying  a  variable 
current.  The  energy  appears  in  the  telephone  line  as  a  current 
and  in  the  telephone  as  a  noise.  If  the  induction  is  set  up  by  a 
telephone  current  in  a  neighboring  wire  we  may  overhear  the 
conversation  in  that  line  and  the  phenomenon  is  known  as  "cross- 
talk." If  the  induced  current  is  4ue  to  the  varying  magnetic  field 
due  to  the  rapidly  varying  current  in  a  neighboring  conductor, 
we  have  electro  magnetic  induction ;  whereas  if  due  to  the  charges 
of  electricity  induced  by  that  line,  it  is  called  electrostatic  induc- 
tion. In  the  early  days  it  was  thought  that  all  trouble  was  due 
to  electromagnetic  induction  and  it  remained  for  Mr.  Carty 
to  prove  the  contrary.*  Altho  the  true  cause  was  unknown  yet 
the  remedy  adopted  for  the  one  Was  effective  also  for  the  other. 
It  consists  of  keeping  both  wires  of  a  line  influenced  to  the 
same  degree,  thus  neutralizing  the  effect.  The  wires  are  crossed 
over  every  few  poles,  thus  causing  each  one  to  be  nearer  the  dis- 
turbing conductor  for  one  part  of  the  line  and  further  from  it  for 
the  next  portion  of  the  line.  This  construction  is  known  as 
transposition  and  is  very  effective  in  reducing  the  bad  effects 
of  both  electromagnetic  and  electrostatic  induction. 


1st  POLE 


2nd  POLE 


3rd  POLE 


FIG.    i 


4th  POLE 


There  are  two  kinds  of  transposition  in  use,  one  in  which 
the  conductors  are  carried  along  spirally  and  that  in  which  they 
cross  each  other  on  only  one  cross  arm.  In  the  spiral  system 
the  construction  is  similar  to  two  insulated  conductors  twisted 

•Carty's  Experiments.— American  Institute  of  Electrical  Engineers, 
Vol.  VIII.  1891. 
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together,  the  twist  being  very  long  and  the  insulation  being  air. 
This  system  was  devised  by  Prof.  Hughes  and,  altho  very 
effective,  has  been  but  recently  introduced  into  the  United  States. 
Pig.  I  shows  the  general  plan  of  this  type  of  transposition. 


& 
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The  second  method  of  transposing  wires  is  shown  in  Fig.  2 
and  needs  no  further  comment.  This  type  is  in  very  extensive 
use  at  present.' 

Due  to  adverse  legislation  and  on  account  of  lower  cost 
and  maintenance  it  became  desirable  to  concentrate  the  con- 
ductors into  cable  form.  This  cable  is  then  supported  on  pole 
lines  or,  where  more  desirable,  is  placed  in  ducts  underground. 
It  would  require  considerable,  space  to  describe  the  various 
forms  of  cable  made  and,  in  some  places,  still  in  use. 

Even  the  best  cable  is  so  inferior  in  its  transmitting  quali- 
ties as  to  prohibit  its  use  for  long  distance  transmission.  The 
limiting  factor  in  a  cable  is  its  electrostatic  capacity  or  condenser 
action  which  has  a  tendency  to  distort  the  transmitted  wave  thus 
making  the  sound  at  the  receiving  end  unintelligible  or  indistinct. 

Capacity  increases  with  the  size  of  wire,  the  proximity  of 
the  wires,  and  the  nature  of  the  insulation  between  them.  Among 
all  substances  used  between  the  wires  dry  air  gives  the  least 
capacity,  gutta-percha  having  two  and  one-half  times  that  of 
air.  Manufacturers,  realizing  the  importance  of  these  principles, 
made  various  attempts  to  design  efficient  cable  and  in  time  the 
Patterson  or  so  called  "dry  core"  cable  was  developed  and  is  the 
type  now  in  universal  use  for  telephone  work. 

In  the  construction  of  the  "dry  core"  cable  dry  paper  in 
the  form  of  a  ribbon  from  3-8  inch  to  3-4  inch  wide  is  laid  either 
spirally  or  longitudinally  on  each  conductor;  the  object  of  this 
paper  being  to  keep  the  wires  apart  and  yet  to  contain  a  great 
amount  of  air.     This  insulation  practically  gives  the  cable  the 
low  capacity  of  air.     The  paper  for  each  wire  of  a  pair  has  a 
particular  color  for  ready  identification.     The  pairs  are  twisted 
together  with  a  lay  of  about  four  inches  which  is  equivalent  to 
transposition  in  aerial  wires.    The  twisted  pairs  are  formed  into 
regular  layers  of  alternately  left  and  right  handed  lay.     When 
all  the  pairs  are  thus  built  up  a  final  wrapping  is  given  the 
whole.    The  cable  is  then  thoroughly  dried  in  a  heated  vacuum 
chamber.    After  drying,  a  protecting  sheath  of  lead  with  a  small 
per  cent  of  tin  to  give  hardness,  is  forced  around  the  paper  cable 
by  means  of  hydraulic  pressure.     Today  acres  of  lead  sheathing 
are  kept  hermetically  sealed  as  the  least  little  pin  hole  would 
admit  moisture  and  ruin  the  cable. 

Dry  core  cable  is  now  made  in  sizes  up  to  500  pairs  (1000 
wires)  of  No.  19  B.  &  S.  giauge  to  No.  22  B.  &  S.,  and  this  in  a 
diameter  below  three  inches.  Some  idea  of  the  important  part 
which  cable  has  played  in  the  development  of  telephony  may  be 
gotten  by  imagining  the  space  taken  up  by  the  same  1000  aerial 
wires  together  with  the  enormous  difficulty  of  maintaining  the 
same. 
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Van  Rysselbergh  of  the  Belgian  Administration  of  Posts 
and  Telegraphs,  encouraged  by  the  successful  design  of  induc- 
tionless  telegraph  circuits,  succeeded  in  applying  the  results  to 


FIG.  3 
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the  simultaneous  transmission  of  telegraph  and  telephone  mes- 
sages over  the  same  circuit.  Systems  are  in  use  both  in  Europe 
and  the  United  States  which  utilize  this  principle. 

The  successful  use  of  the  duplex  system  of  telegraphy  en- 
couraged the  design  of  telephone  systems  which  would  make 
it  possible  to  transmit  more  than  one  speech  over  wires  already 
in  use.  The  saving  in  cost  is  considerable  since  by  using  two 
circuits  we  can  carry  on  three  conversations  at  one  time.  Such 
circuit  known  as  a  phantom  circuit  is  shown  in  Fig.  3. 

In  this  figure  a,  a',  b,  b\  C,  C,  are  the  jacks  at  the  switch- 
board and  Ra  R  'a  Rb  R'b  the  repeating  coils,*  connected  as 
shown,  aj  a2  b1  b2  are  the  four  wires  making  up  two  lines.  It 
will  be  seen  that  a  conversation  can  be  carried  on  over  each  line, 
being  transmitted  by  means  of  the  repeating  coils.  If  while 
these  conversations  are  being  transmitted  a  party  should  be 
connected  to  jack  C,  the  currents  would  reach  the  middle  point 
of  the  repeating  coil,  pass  over  the  two  wires  at  and  a2  reunite 
at  R'a  ,  go  thru  a  telephone  connected  at  jack  C,  divide  at  coil 
R'b  pass  over  the  wires  bt  and  b2  in  multiple  and,  by  reuniting 
at  Rb,  complete  the  circuit.  It  is  clear  therefore  that  if  the  lines 
are  balanced  none  of  the  conversation  of  jack  C  will  get  into 
either  of  the  other  two  lines  and  we  have  been  able  by  means 
of  proper  coils  to  save  the  expense  of  two  wires,  quite  an  item 
in  long  distance  work. 

It  may  also  be  apparent  that  this  plan  could  be  extended  by 
using  four  lines  for  seven  conversations  by  combining  phantom 
circuits  but  this  is  at  present  a  difficult  process. 

Time  and  again  inventors  have  striven  to  produce  a  device 
that  would  stand  to  the  telephone  line  in  the  relation  of  the 
telegraph  relay  to  its  line,  thereby  increasing  the  distance  of 
transmission.  Such  devices  have  been  patented  in  large  num- 
bers and  of  varying  designs.  They  consist  of  some  sensitive 
instrument  which,  when  placed  in  the  circuit,  faithfully  operates 
a  local  device  of  greater  energy.  This  in  turn  acts  as  a  new 
source  of  transmission,  thus  exchanging  each  feeble  impulse 
for  one  more  powerful. 

This  was  easily  attained  in  telegraphy  where  the  impulses 

are  simple,  but   in  telephony   too   much    is   expected    from   the 

repeater.     A  telephone  wave  corresponding  to  the  human  voice 

is  of  complex  nature,  having  loudness,  pitch  and  quality.     It  is 

now  well  understood  that  capacity  destroys  quality,  thus  making 

imperfect  the  speech  received.  The  repeater  might  be  designed  to 

give  loudnss  but  that  only.     If  we  unreasonably  expect  it  to 

restore  what  has  been  destroyed   by  the  capacity  of  the  line, 

it  must  fail. 

•A  repeating  coil  may  be  considered  as  a  transformer  with  a  one 
to  one  ratio  of  transformation. 
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Early  telephonists  realized  the  importance  of  keeping  the 
resistance  and  capacity  of  the  circuit  low  and  Sir  William  Preece 
after  numerous  experiments  formulated  his  KR  law.  He 
stated  that  if  the  product  of  capacity  (K)  and  resistance  (R) 
of  any  line  exceeded  from  5000  to  10,000  for  open  lines  and 
8000  for  cables  such  lines  would  not  talk.  Soon  thereafter  lines 
were  built  between  Chicago  and  New  York  with  the  product 
far  above  Preece's  danger  point  and  yet  the  lines  talked  fairly 
well. 

Since  inductance  has  properties  opposite  to  those  of  elec- 
trostatic capacity  many  attempts  were  made  to  so  combine  the 
two  that  the  former  may  neutralize  the  distorting  tendencies 
of  the  latter.  Mr.  Heaviside  showed  mathematically  that  this 
could  be  done,  but  when  he  attempted  to  carry  out  experimentally 
his  mathematical  deductions  by  inserting  inductances,  the  lines 
would  not  talk  at  all. 

In  1893  Dr.  S.  P.  Thompson  in  a  paper  read  before  the 
International  Electrical  Congress  showed  two  methods  for  using 
correcting  coils.  In  the  same  year  two  patents  were  issued  to 
Mr.  C.  J.  Reed  based  on  the  same  features  as  those  shown  in 
Thompson's  paper. 

Altho  a  number  of  general  plans  were  proposed  yet  it  re- 
mained for  Dr.  M.  I.  Pupin  to  give  a  definite  solution  both  mathe- 
matical and  practical.  Dr.  Pupin  showed  that  the  inductances 
suggested  by  others  must  be  properly  designed  and  placed  at 
predetermined  intervals  along  the  line.  Experiments  conducted 
at  different  times  show  that  if  the  coils  be  indiscriminately  placed 
failure  results,  as  had  been  the  experience  of  former  investigators. 

In  order  that  we  may  get  a  conception  of  electrical  wave 
transmission  and  also  that  we  may  comprehend  the  reason  for 
fomer  failures  due  to  the  hap-hazard  spacing  of  inductances,  the 
hydraulic  analogy  given  in  Abbott's  Telephony  may  be  of  service. 

Suppose  we  have  ?  force  pump  attached  to  an  clastic  hose,  if 
the  line  of  hose  be  short  each  stroke  of  the  pump  will  be  fol- 
lowed by  a  corresponding  jet  of  water  from  the  delivery  end. 
The  elastic  hose  acts  in  no  way  to  interfere.  Suppose  now  that 
the  column  of  water  be  great  and  the  hose  long,  with  short  quick 
strokes  of  the  pump  there  will  now  be  a  deviation,  the  jets  will 
no  longer  correspond  to  the  strokes  of  the  pump.  The  inertia  of 
the  water  causes  the  elastic  hose  to  distend  at  the  pump  and 
thereby  reflect  the  waves  back  upon  themselves,  thus  causing 
them  to  interfere.  The  hose  therefore  does  not  reproduce  faith- 
fully in  jets  the  waves  originated  by  the  pump.  A  remedy  for 
this  distortion  would  be  to  counteract  this  elasticity  by  encasing 
the  hose  in  a  rigid  pipe.  Instead  of  this,  wire  rings  spaced  at 
frequent  intervals  would  give  satisfactory  results. 
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A  telephone  line  may  be  considered  in  the  same  light.  In- 
ductances correspond  to  the  rigid  rings  which  thus  counteract 
the  disturbing  effect  of  the  capacity  of  the  line.  Former  mistakes 
were  due  to  the  fact  that  these  rings  were  concentrated  at  a 
few  points  thus  allowing-  the  intermediate  portions  to  exert  their 
interfering  power.  It  was  Dr.  Pupin  who  proved  that  while  the 
principle  of  distributed  inductance  was  correct,  yet  as  understood 
by  early  investigators  it  was  incomplete. 

In  order  to  show  the  system  of  loaded  lines  as  designed  by 
Dr.  Pupin  to  be  correctly  based,  the  results  of  practical  tests  may 
be  given  as  proof. 

Before  the  Siemens  and  Halke  Company  purchased  the 
European  patents  covering  this  invention  they  made  exhaustive 
tests  for  both  cable  and  aerial  lines,  substantiating  every  claim 
of  the  inventor. 

A  cable  line  between  Berlin  and  Pottsdam  a  distance  of  20 
miles  was  put  into  service.  Fourteen  pairs  of  this  cable  were 
used  in  the  test,  seven  of  which  were  supplied  with  the  coils 
arranged  in  cast  iron  boxes  as  shown  in  Fig.  4. 


Fig.  4. 
Sets  of  coils  were  placed  about  every  2,000  feet.  Tests 
showed  that  upon  this  line  the  conversation  could  be  heard  nearly 
twenty  times  as  far  away  from  the  receiver  on  the  loaded  lines 
than  those  not  supplied  with  coils.  With  the  wires  connected 
so  as  to  give  about  250  miles  of  cable  the  conversation  was  clear 
tho  faint.  From  this  experiment  it  was  found  that  the  range  of 
telephone  transmission  could  be  extended  about  fivefold. 
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Experiments  carried  out  on  an  aerial  line  of  about  ioo  miles 
between  Berlin  and  Magdeburg  gave  similar  results.  Tests 
also  showed  conclusively  the  importance  of  properly  spacing  the 
coils. 

The  American  patents  are  the  property  of  the  American  Tel- 
ephone and  Telegraph  Company  which  is  equipping  a  number  of 
its  lines  thus  adding  to  their  already  strong  position  in  the  long 
distance  field. 

In  closing  I  would  like  to  submit  some  data  from  the  annual 
report  to  the  stockholders  of  the  American  Telephone  and  Tel- 
egraph Company  by  President  F.  B.  Fish,  March  26,  1907. 

DATA. 

Gross   revenue    $24,526,097 

Net  output  of  telephones  1906 1,409,578 

Total  phones  in  use  by  Bell  Cos 7,107,836 

Total  miles  of  wire  for  telephone  service 7,468,905 

Total  number  of  exchange  connections  per  diy  ....    16,478,000 

Total  number  of  toll  connections  per  (hy        462,000 

Calls  per  man,  woman  and  child  in  U.  S 64 

Added  to  Construction  and   Real   Fstate. 

For   exchanges    $59,971,094 

For  toll  lines 13.585,659 

For  lands  and  buildings   5,810,196 

Total $79,366,949 

Cost  of  maintenance  and  reconstruction    $32,814,568 

This  report  includes  only  the  Bell  Companies  and  does  not 
include  any  of  the  sub  licenses  or  the  Western  Electric  Company. 
To  these  figures  would  have  to  be  added  those  for  the  independ- 
ents, which  would  bring  the  total  to  a  formidable  figure. 

The  study  of  this  subject  of  telephone  transmission  would 
lead  one  to  the  following  conclusions : 

1.  That  there  were  certain  periods  or  epochs  which  may  be 
said  to  be  the  following :  Early  period  of  telegraph  influence,  the 
invention  of  hard  drawing  copper,  the  production  of  the  dry 
core  cable  and  the  invention  of  the  load  coils  by  Pupin. 

2.  That  Dr.  Pupin's  discovery  may  make  possible  the  in- 
troduction of  repeaters  thus  decreasing  the  size  of  the  conduc- 
tors and  so  reducing  the  capacity  of  lines. 

3.  That  with  future  development  it  may  be  possible  to  use 
cable  for  long  distance  service,  thus  decreasing  the  high  cost  of 
maintenance  due  to  aerial  lines. 

4.  That  attempts  are  being  made  to  decrease  the  cost  of 
long  distance  telephone  service  by  the  use  of  phantom  circuits. 

*>.     That  the  field  has  now  become  one  requiring  high  tech- 
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nical  skill  and  holds  out  to  the  proper  men  opportunities  of  a 
most  promising  nature. 

List  of  Works  Consulted. 

"American  Telephone  Practise." — K.  B.  Miller. 

"A  Manual  of  Telephony." — Preece  and  Stubbs. 

"Telephony." ' — Abbott. 

"Telephone  Lines." — Owen. 

"Telephone  Lines  and  Their  Properties  " — Hopkins. 

"The  Electric  Telephone." — Prescott. 

"Transactions  of  the  American  Institute  of  Electrical  En- 
gineers." 

"Patent  Office  Gazette." 

Various  Technical  Periodicals. 


DISTRICT   HEATING. 

By  N.  A.  Kemmish.  Lincoln  Tjaction  Co. 

Every  manufacturer  shall  use  all  the  by-products  that  is 
possible.    The  packers  have  this  reduced  to  a  science.    Then  why 

not  the  central  station  make  use  of  its  by-product,  exhaust  steam  ? 
About  the  only  general  use  that  exhaust  steam  can  be  put  to  is 
that  of  heating  buildings. 

^  \  J      U\       8,  J  )  I 
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Fig.   1. 


A  study  of  chart  No.  i  will  show  what  a  large  percentage 
of  the  heat  goes  out  the  exhaust.  In  fact,  this  is  one  of  the  great- 
est losses  a  central  station  has. 
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The  most  common  methods  of  district  heating  now  in  use 
by  central  stations  are  hot  water  and  steam.  These  two  systems 
are  used  quite  extensively  and  both  have  commendable  features 
and  likewise  their  faults.  There  are  a  great  many  things,  how- 
ever, that  are  in  common  to  both  systems. 

In  both  systems  the  pipes  are  usually  placed  in  the  ground 
below  the  frost  line.  Expansion  is  the  greatest  difficulty  to  over- 
come in  both  systems.  It  is  easier  in  hot  water  systems  because 
the  range  of  temperature  to  which  the  pipes  are  subject  is  less 
than  that  of  steam  systems  and  consequently  less  range  of  ex- 
pansion. 

In  short  runs  the  expansion  can  often  be  taken  care  of  by 
turning  the  direction  of  the  pipe  line.  The  most  common  method 
of  providing  for  expansion  is  by  means  of  slip-joints  placed  in 
man-holes  from  300  to  400  feet  apart.  One  might  think  that 
these  slip  joints  would  give  trouble  but  as  they  only  move  about 
twice  a  year  they  last  a  long  time.  There  are  several  in  the 
plant  here  that  have  been  installed  five  years  or  more  and  not 
one  has  troubled  so  far. 

In  hot  water  plants  slip-joints  are  usually  used  on  6  inch 
pipes  and  larger,  and  U  bends  on  smaller  sizes.  The  American 
District  Steam  Co.  have  what  they  call  a  variator  to  take  up  ex- 
pansion where  service  connections  are  taken  off.  These  are 
placed  about  100  feet  apart  and  serve  two  purposes.  They  care 
for  expansion  and  outlets  are  provided  on  both  sides  for  service 
connections.  Midway  between  these  slip-joints  and  variators  are 
placed  anchors  which  hold  the  pipe  from  moving  endwise.  Serv- 
ice connections  are  also  provided  at  these  anchors  so  that  by  vari- 
ators and  anchors  a  service  can  be  taken  off  every  50  feet. 

In  hot  water  plants  service  connections  on  4  inch  pipe  and 
less  are  made  by  cast  iron  fittings  and  on  larger  sizes  are  usually 
tapped  directly  into  the  pipe.  Most  water  service  pipes  runs 
from  3-4  inch  to  1  1-4  inch  in  diameter. 

As  to  the  kinds  of  pipes  used  in  both  systems  cast  iron  is 
the  most  durable  and  will  last  indefinitely.  It  is  not  acted  upon 
appreciably  by  either  the  water  or  the  condensed  steam.  Owing 
to  the  almost  prohibitive  cost  of  cast  iron  pipe,  both  systems  are 
usually  made  of  wrought  iron  pipes  with  cast  iron  fittings. 

I  might  say  here  that  the  black  pipe  now  on  the  open  mar- 
ket is  not  wrought  iron,  but  mild  steel.  It  is  almost  impossible 
to  get  wrought  iron  and  one  must  pay  dear  for  it.  Dealers  will 
tell  you  that  it  is  wrought  iron,  but  if  you  should  put  in  a  heating 
system,  look  out,  for  steel  pipe  will  not  last  long  in  steam  mains. 
In  water  mains  it  is  not  so  bad.  Condensed  steam  will  pit  a 
steel  pipe  in  a  short  time.  Good  wrought  iron  will  last  for 
fifteen  to  twenty  years  in  steam  and  longer  in  hot  water  mains. 


40  THE   NEBRASKA  BLUE   PRINT. 

Both  systems  must  be  well  insulated  so  as  not  to  lose  the 
heat  and  keep  the  pipes  from  outside  corrosion.  Here  again  the 
hot  water  has  one  advantage,  the  temperature  being  lower  than 
that  of  steam  does  not  require  such  careful  insulation.  Again 
the  insulation  is  not  destroyed  by  the  heat.  The  American  Dis- 
trict Steam  Company  have  a  special  log  covering  for  the  pipe. 
A  few  layers  of  sheet  asbestos  is  placed  around  the  pipe  and 
then  a  log  of  4  inch  white  pine  tongued  and  grooved  is  placed 
around  the  pipe.  This  log  is  lined  with  tin  so  as  to  reflect  the 
heat,  but  our  experience  here  has  been  this  tin  soon  rusts  and  is 
then  of  no  value.  The  outside  of  this  log  is  covered  with  pitch 
and  band  wires  are  put  around  it  so  that  the  log  can  not  go  to 
pieces.  This  is  covered  with  tar  paper  and  dirt.  A  porous  tile 
is  placed  underneath  the  log.  The  variators  and  slip-joints  are 
placed  in  brick  boxes  with  oak  plank  covers  laid  over  with  brick. 
The  manholes  are  of  brick  also.  Sawdust  is  put  in  these  places 
to  insulate  the  pipes.  This  is  one  of  the  most  common  insula- 
tions used  on  steam  systems. 

The  short  system,  however,  use  a  box  made  up  of  cypress 
plank  and  hair  felt  between  the  sides  and  filled  with  shavings 
inside. 

Hot  water  systems  usually  use  a  box  made  up  of  2  inch 
cypress  plark  with  air  spaces  between  and  shavings  treated  with 
crude  oil  around  the  pipes  as  shown  on  chart  No.  2. 

It  is  advisable  when  possible  to  do  so  in  steam  systems  to 
return  the  water  of  condensation  to  the  station.  To  do  this 
means  an  additional  pipe  laid  besides  the  main^steam  pipe  in  the 
trenches.  The  material  of  which  this  pipe  is  made  must  be  either 
cast  iron  or  wood.  The  solvent  action  of  the  condensed  steam 
soon  eats  away  steel  or  even  wrought  iron.  Wood  is  the  most 
common  substance  used  in  this  with  cast  fittings. 

The  water  of  condensation  never  leaves  the  station  in  hot 
water  systems  so  that  after  the  oil  is  extracted  it  is  again  ready 
for  the  boilers.  This  is  a  great  saving  where  water  is  purchased 
from  outside  parties,  and  another  thing,  it  is  free  from  boiler 
scale. 

In  a  steam  system  a  separator  is  placed  in  the  steam  main 
near  the  station  to  extract  the  oil  and  water  from  the  steam. 
Some  oil  goes  on  with  the  steam,  but  it  is  not  objectionable  be- 
cause it  coats  the  inner  sides  of  the  pipe  line  with  oil  and  cor- 
rosion is  not  so  active. 

One  of  the  greatest  advantages  in  hot  water  systems  is  the 
storage  capacity  of  heat  in  the  volume  of  water  in  the  pipes. 
This  fact  alone  makes  this  form  of  heating  better  adapted  to 
lighting  plants,  or  where  there  is  not  an  even  all  day  load,  than 
direct  steam.  The  peak  of  a  lighting  load  is  from  five  to  ten 
p.  m.    This  is  just  the  time  of  day  the  least  heat  is  required.    In 
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Fig.  2. 

a  water  plant  much  of  this  heat  can  be  stored  up  during  the  night 
in  the  hot  water  to  be  used  in  the  morning  from  six  to  10  o'clock, 
which  is  the  peak  of  the  heating  load.  This  is  one  trouble  with 
steam  plants  of  making  the  electrical  load  of  the  station  and  the 
peak  of  the  heating  load  come  together.     If  this  cannot  be  done 
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there  is  steam  wasted  during  the  electrical  peak  and  live  steam 
must  be  put  into  the  heating  plant  during  the  morning  hours. 
This  is  not  a  very  economical  thing  to  do. 

So  long  as  a  station  can  furnish  enough  exhaust  steam  for 
the  heating  plant  the  exhaust  is  a  by-product  of  the  station,  but 
when  you  begin  to  turn  live  steam  into  the  heating  plant  you 
commence  to  make  the  electrical  load  a  by-product  in  a  direct 
proportion  to  the  amount  of  live  steam  used.  To  illustrate,  sup- 
pose a  heating  plant  uses  ioo  lbs.  of  live  steam  per  hour  in  ad- 
dition to  the  exhaust  steam.  This  ioo  lbs.  of  steam  if  passed 
through  the  engines  would  produce  about  two  kilowatt  hours  of 
electrical  energy,  and  still  do  nearly  90  per  cent,  as  much  heating 
as  before.  Therefore  for  every  100  lbs.  of  live  steam  used  in 
heating  we  could  produce  with  practically  no  additional  cost 
2  kilowatt  hours  and  do  practically  the  same  heating  as  before. 
This  energy  could  be  sold  at  a  very  low  figure  and  make  a  good 
profit.  But !  This  100  lbs.  of  steam  should  not  be  sold  as  ex- 
haust, but  as  live  steam  and  the  cost  of  producing  and  delivering 
it  should  be  computed  before  it  is  sold  to  see  at  what  price  it 
can  be  sold  at  a  profit.  This  is  one  of  the  greatest  stumbling 
blocks  in  district  heating.  All  over  the  country  -the  central 
station  managers  throw  up  their  hands  with  horror  when  live 
steam  is  turned  into  the  heating  plant ;  when  as  a  matter  of 
fact  if  the  price  they  receive  for  the  steam  is  more  than  it  costs 
them  to  produce  and  deliver  it,  there  is  no  need  of  alarm :  but 
if  it  is  less  then,  look  out.  In  computing  the  price  at  which  ex- 
haust heat  is  sold  it  should  be  based  largely  upon  the  cost  of 
production  for  sooner  or  later  live  steam  will  be  required. 

Where  live  steam  is  required  on  the  heating  plant  it  does 
not  make  any  difference  how  much  back  pressure  is  carried  so 
long  as  the  engines  can  pull  the  loads  upon  them.     Many  engi- 
neers are  misled  by  the  amount  of  power  an  engine  is  cut  down 
by  having  a  back  pressure.  An  engine  is  usually  rated  at  Y\  cut 
off.     This  J4  cut  off  gives  4  expansions  of  the  steam.     At  150 
lbs.  boiler  pressure  and  Y\  cut  off  gives  a  Mean  Effective  Pres- 
sure of  83   lbs.   under  ordinary  conditions  of  exhausting  into 
the  atmosphere.     If  the  engine  had  10  lbs.  back  pressure,  which 
should  be  an  extreme  case,  it  would  take  steam  less  than   1-3 
stroke  or  a  little  more  than  3  expansions.    Thus  we  see  that  by 
having  a  back  pressure  of  10  lbs.  it  cuts  the  rated  horse  power 
of  the  engine  22.2%  or  nearly  one  expansion  of  steam.     Take 
the  case  where  the  engine  takes  steam  full  stroke  it  would  have 
a  M.  E.  P.  with  atmospheric  exhaust  of  148  lbs.  or  an  engine 
under  these  conditions  is  capable  of  pulling  78%  more  than  its 
rating.    Now  put  10  lbs.  back  pressure  on  this  engine  and  when 
it  takes  steam  full  stroke  it  will  have  a  M.  E.  P.  of  138  lbs. 
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which  is  65%  more  than  ita  rated  capacity  or  13%  less  than  w^Jiat 
it  is  capable  of  doing. 

Therefore  an  engine  rated  at  J4  cut  off,  on  150  lbs.  boiler 
pressure,  and  exhausting  into  the  atmosphere  is  cut  down  22,2% 
of  its  rated  power  and  only  13%  of  what  it  is  capable  of  doing 
in  extreme  cases  by  the  addition  of  a  back  pressure  of  10  lbs. 

Some  one  says  the  engines  will  take  more  steam  per  horse 
power  with  a  back  pressure.  When  the  heating  system  requires 
live  steam  it  does  not  make  any  difference  how  many  lbs.  of 
steam  the  engine  takes  per  horse  power.  Suppose  again  that 
100  lbs.  of  live  steam  is  required  for  the  heating  plant.  It 
makes  practically  no  difference  whether  75  lbs.  of  this  goes 
through  the  engine  and  25  lbs.  through  the  by-pass  or  25  lbs. 
through  the  engines  and  75  lbs.  through  the  by-pass.  The  cy- 
linder in  this  case  can  be  looked  upon  as  only  an  enlargement  in 
the  steam  pipe,  again  a  back  pressure  is  not  so  un-economical  as 
is  generally  supposed  because  it  reduces  the  cylinder  conden- 
sation. 

A  compound  engine  is  more  economical  in  its  use  of  steam 
than  a  simple  engine  placed  under  the  same  conditions  of  initial 
and  final  pressures.  There  is  some  danger  of  bursting  the  low 
pressure  cylinder  with  a  high  back  pressure  where  it  will  not 
effect  a  simple  engine. 

In  hot  water  plants  there  is  no  need  of  a  back  pressure,  in 
fact  they  can  run  condensing  by  passing  the  steam  first  through 
the  heater  on  its  way  to  the  condenser.  It  is  possible  to  have 
the  water  in  the  heater  at  1600  F.  and  a  vacum  of  about  18 
inches  on  the  engines.  This  condensation  can  be  used  over 
again  in  the  boilers  and  not  lost  in  the  sewers  as  is  usually  done 
in  steam  plants.  The  temperature  of  the  water  can  be  varied 
to  suit  the  outside  temperature.  Water  leaving  the  station  at 
2000  will  have  a  loss  of  i°  per  1000  feet  traveled.  When  the 
water  goes  out  and  comes  back  it  loses  from  30°-50°,  depend- 
ing upon  the  outside  temperature  of  the  air. 

Fuel  economizers  can  be  used  to  heat  the  water  for  the  mains. 
Some  plants  pass  the  water  through  old  boilers  in  place  of 
using  live  steam. 

When  the  water  is  circulated  in  the  mains  bv  means  of 
pumps  no  need  be  paid  to  the  grade  of  pipes  on  closed  systems. 
A  closed  system  is  one  in  which  no  part  is  open  to  the  atmosphere. 
In  closed  systems  the  pumps  require  less  steam  to  force  the  water. 
The  exhaust  from  the  pumps  is  used  in  heating  the  water  so 
there  is  no  loss  in  this  when  live  steam  is  required. 

Hot  water  is  not  adapted  to  tall  buildings  or  a  hilly  city  on 
account  of  the  hydraulic  head  of  water  which  makes  an  object- 
ionable pressure  on  all  the  system  and  in  case  of  a  broken  pipe 
or  radiator  may  prove  a  troublesome  thing. 
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In  small  plants  hot  water  is  said  to  be  about  20%  cheaper 
in  coal  than  steam  and  is  certainly  more  convenient. 

Having  given  you  some  of  the  advantages  and  disadvan- 
tages of  both  systems  we  shall  now  tske  up  an  assumed  city  and 
see  whether  or  not  a  plant  is  advisable.  The  first  and  last  ques- 
tion to  ask  is :  will  it  pay  ?  This  is  a  very  simple  little  question 
to  ask  but  the  answer  is  a  difficult  one. 

About  the  first  thing  to  do  is  to  gather  all  the  data  possible 
from  the  particular  town  in  which  the  plant  is  to  be  located ;  sur- 
vey the  city  and  see  the  feasibility  of  a  plant;  get  the  sizes  and 
number  of  business  houses  and  residences,  etc.,  that  will  take  the 
heat  and  are  not  too  badly  scattered  or  too  far  from  the  plant ;  get 
the  hours  the  plant  will  run  and  the  time  of  day  the  peak  load 
is  on  the  station;  get  the  amount  of  exhaust  steam  it  produces 
per  day,  the  amount  of  coal  used  per  year,  etc.,  then  find  the 
amount  of  steam  required  for  the  heating  plant,  etc. 

The  following  data  may  be  of  service  to  you  in  answering 
the  question  "will  it  pay?" 

Mr.  William  D.  Marks  in  his  Finances  of  Gas  and  Electri- 
city states  that  for  water  systems  one  ton  of  coal  will  heat  on  an 
average,  1600  cubic  feet  of  space  per  season  and  return  $5.30  at 
1 -3c.  per  cubic  foot  heated. 

3-4  of  the  coal  burned  by  a  lighting  station  during  the  year 
and  2-3  for  trolley  systems  is  available  for  heating  purposes. 

Assume  a  plant  which  uses  1700  tons  of  coal  per  year  of 
which  1200  are  available  for  heating  purposes.  This  will  heat 
2,000,000  cubic  feet  of  space  and  would  return  $6,000.00  as 
gross  earnings  per  season.  Assuming  this  to  be  15%  of  the 
safe  investment,  one  could  put  $45,000.00  into  a  heating  plant. 
The  above  figures  are  based  on  exhaust  only  and  if  live  steam 
is  used  the  cut  off  production  and  delivery  must  be  considered. 

Mr.  Marks  says  that  an  average  residence  of  40,000  cu.  ft. 
of  space  and  at  1-3C  per  cu.  ft.  yields  $132.00  and  requires 
25  tons  of  slack  coal  per  season. 

The  exhaust  of  an  engine  lighting  four  houses  of  160,000 
cu.  ft.  will  warm  one  of  40,000  cu.  ft. 

In  a  hot  water  plant  he  says  having  200  houses  and  the* 
greatest  distance  from  the  station  is  3-4  mile  the  largest  sized 
pipe  in  6  inches  and  average  4  inches.  The  pumps  force  the 
water  at  40-60  lbs.  and  at  a  temp,  from  I70°-2I2°.  Each  house 
on  an  average  requiring  2  cu.  ft.  of  circulating  water  per  min- 
ute. Now  under  these  -conditions  it  is  stated  that  the  average 
loss  of  heat  in  the  ground  is  15  to  20%.  The  total  radiation  on 
this  plant  is  175,000  sq.  ft.  or  22  sq.  ft.  per  1000  cu.  ft.  space. 
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On  an  average  steam  requires  15  sq.  ft.  of  radiation  and 
hot  water  21  for  every  1000  cu.  ft.  of  space  heated. 

At  Topeka,  Kansas  1  sq.  ft.  of  radiation  is  said  to  condense 
360  lbs.  of  steam  per  season.  This  at  50c.  per  1000  lbs.  of  con- 
densation would  yield  18c.  The  plant  here  averages  about  25c. 
per  sq.  ft.  per  season  which  is  equivalent  to  about  $3.00  per  1000 
cu.  ft.  of  space  heated  per  season.  1  sq.  ft.  of  steam  radiation 
will  condense  1-3  lbs.  of  steam  per  hour  as  a  maximum  and  0.12 
as  an  average. 

Each  boiler  horsepower  will  supply  from  70100  feet  of 
radiation. 

Average  conditions  are  of  little  value  to  apply  in  a  special 
case.  Allowance  of  from  50-100%  either  way  should  be  as- 
sumed. 

Heating  plants  if  properly  installed  and  managed  usually 
make  enough  to  pay  for  the  coal  and  a  fair  interest  on  the  in- 
vestment. 

I  shall  now  give  you  some  figures  on  the  cost  per  linear  foot 
of  steam  mains.  These  prices  will  give  a  general  idea  but  al- 
lowance should  be  made  for  the  advance  cost  of  labor  and  mater- 
ial in  the  past  few  years. 

The  system  that  is  used  here  in  Lincoln  is  known  as  the 
American  District  Steam  Co.  System.  The  following  figures  are 
the  approximate  costs  of  such  a  plant  without  ditching  per  linear 
foot: 

Size  of  pipes.       Variator  Construction.    Slip  Joint  Construction. 
3  in.  $275  10%  less 

5  in-  3-35  $3-o° 

6  in.  3.80  3.38 

7  in.  4-35  3-87 
10  in.                                  6.30  5.60 

12  in.  7.40  7.00 

14  in.  9.80  8.70 

20  in.  23.50  10%  less 

The  cost  of  trenches  for  the  above  varies  with  the  size  6i 
pipes  and  kinds  of  streets  the  pipes  pass  thru  whether  dirt  street, 
macadam,  brick,  stone,  cement  blocks,  or  asphalt,  the  trench 
cost  ranges  in  various  classes  of  work  as  above  from  20c.  to 
$1.60  per  linear  foot. 

The  short  system  for  steam  pipes  consists  of  plank  with 
wool  felt  between  and  filled  with  shavings  around  the  pipe  sim- 
ilar to  figure  No.  2  for  hot  water  mains.  Slip  joints  in  man  holes 
every  400  feet  complete  for  laying  ditching,  etc.,  in  dirt  street 
and  having  service  openings  every  50  feet : 
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Size  Pipe.  Price  per  linear  foot. 

[  5  |n.  $2.20 

6.  in.  ,  3.20 

7  in-  4.30 

10  in.  6.00 

12  in.  6.75 

14  in.  8.50 

I  have  not  been  able  to  find  anything  practical  bearing  di- 
rectly on  the  relative  sizes  of  pipes  for  the  same  carrying  ca- 
pacity of  steam  and  hot  water.  Let  us  look  at  the  fundamental 
principles  a  moment.  Hot  water  on  its  journey  to  the  building* 
loses  about  400  in  temperature  this  is  about  40  British  Thermal 
Units  per  pound  of  water.  A  cubic  foot  of  water  at  this  tempera- 
ture weighs  60  lbs.  Then  one  cubic  foot  of  water  has  60x40= 
2400  B.  T.  Us  of  heat  to  deliver  on  its  journey.  Now  steam 
at  5  lbs.  gauge  pressure  has  955  B.  T.  Us  per  pound  and  oc- 
cupies 19.5  cu.  feet  of  space.  One  cubic  foot  of  steam  carries 
49  B.  T.  Us  of  heat  on  its  journey  to  the  buildings. 

Then  one  cu.  foot  of  water  carries  2400  B.  T.  Us  of  heat 
and  one  cubic  foot  of  steam  carries  49  B.  T.  Us  of  heat;  There- 
fore steam  would  have  to  travel  48  times  as  fast  as  water  to 
carry  the  same  amount  of  heat.  Steam  at  5  lbs.  pressure  travels 
about  4000  feet  per  minute  and  assume  water  at  160  feet  per 
minute,  which  is  a  very  low  rate  indeed  for  water,  then  the 
rates  of  travel  would  be  2  to  1  instead  of  48  to  1.  In  this  case 
the  steam  pipes  would  have  to  be  twice  as  large  as  water  pipes 
for  the  same  capacity.  In  water  systems  two  pipes  are  required 
so  that  the  combined  ratio  of  sizes  of  pipes  would  be  the  same. 

On  January  30,  1907,  the  temperature  was  five  degrees  be- 
low zero.  I  took  some  readings  of  pressures  on  the  various 
parts  of  the  mains  of  the  system  here  to  get  the  drop  due  to 
friction.  A  6  inch  pipe  carrying  26,000  feet  of  radiation  had 
a  drop  of  2V2  lbs.  in  300  feet. 

A  16  inch  pipe  carrying  approximately  100,000  feet  of 
radiation  had  a  drop  of  1^2  lbs.  in  1230  feet.  The  greatest  range 
of  pressure  was  11^  lbs.  to  2  lbs.,  or  a  drop  of  gyi  lbs.  to  the 
most  distant  point  on  the  system.  This  great  range  of  pressure 
is  in  part  due  to  the  {act  that  a  large  percentage  of  the  business 
is  on  a  small  pipe  farthest  away  from  the  station.  If  the  load 
was  properly  distributed  or  the  pipes  installed  to  fit  the  load  no 
such  ranges  would  be  required.  This  is  one  more  trouble  in  steam 
systems  of  getting  the  pipes  correctly  proportioned  because  you 
can't  always  tell  where  the  most  business  will  come  from  as 
conditions  are  constantly  changing. 

By  referring  to  chart  No.  3  one  can  get  an  idea  of  the  var- 
iable load  as  the  temperature  varies.     The  amount  of  heat  re- 
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quired  depends  upon  three  factors  temperature,  humidity  and 
wind.  The  last  two  are  of  minor  importance  to  the  tempera- 
ture. In  these  curves  the  readings  were  taken  every  week  as 
shown.  There  is  a  striking  resemblance  between  the  tempera- 
ture and  consumption  curves.  The  loss  curve  however  does  not 
seem  to  be  governed  by  the  temperature.  It  is  about  uniform 
regardless  of  temperature  and  the  amount  of  heat  used.  In 
fact  when  the  most  heat  was  used  the  apparent  loss  in  the  pipes 
was  loss.  This  is  due  to  the  live  steam  used  which  being  super- 
heated re-evaporated  some  of  the  water  in  the  mains. 

The  percentage  of  loss  to  the  amount  of  steam  carried  var- 
ied from  6.4%  to  25%  during  the  time  this  test  was  run,  which 
was  from  October  9,  1905  to  March  27,1906.  The  average  loss 
during  this  time  was  10.4%.  The  loss  from  March  27  to  May 
15th  was  47%.  The  loss  in  May  was  over  100%.  These  figures 
may  seem  confusing  but  when  you  consider  that  the  loss  in  the 
streets  for  December  and  May  is  about  the  same  but  the  amount 
of  heat  used  in  May  is  very  small.  It  did  not  make  any  differ- 
ence in  the  economy  of  the  system  whether  this  steam  was  lost 
in  the  streets  or  exhausted  into  the  air.  In  fact  it  was  economy 
because  it  gave  one  more  exhaust  pipe  to  the  engines  so  to  speak 
and  the  back  pressure  was  less  than  when  this  valve  was  closed. 
The  average  loss  from  October  9  to  May  15  was  11.7%. 

The  American  District  Steam  Co.  state  that  they  find  this 
loss  for  a  number  of  plants  to  be  about  5%.  This  is  where  the 
plant  is  used  to  nearly  capacity  and  the  season  is  from  October 
15  to  April  15.  They  state  that  the  loss  per  square  foot  of  pipe 
area  of  the  mains  is  .04  lbs.  per  hour.  I  found  it  to  be  .05  for 
the  time  the  test  was  run. 
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Thanking  you  for  the  honor  conferred  by  a  member  of  your 
editorial  staff  in  requesting  me  to  write  an  article  on  railroad 
location  from  such  information  as  I  had  gained  by  many  years 
of  field  service  in  all  kinds  of  country,  I  take  pleasure  in  com- 
plying as  briefly  as  possible. 

If  the  work  to  be  undertaken  is  of  considerable  extent  the 
personnel  of  the  party  should  be  as  follows :  A  chief,  transitman, 
leveler,  topographer,  draughtsman,  two  chainmen,  rodman,  as- 
sistant to  topographer,  rear  flagman,  stakeman,  one  or  more  ax- 
men  depending  upon  amount  of  timber  country,  cook  and  two 
or  three  teamsters  according  to  the  number  oi  teams. 

The  outfit  will  consist  of  three  pyramid  tents,  16x16  with 
five  feet  walls  and  flies,  four  pairs  six-pound  woolen  blankets 
to  each  man  with  double  tarpaulins  of  twelve  ounce  duck  for 
covers,  heating  stove,  a  six  hole  steel  range,  complete  cooking 
and  dining  outfits,  three  good  teams  and  wagons,  one  saddle 
horse,  instruments,  tools  and  other  paraphernalia  necessary  for 
comfort  and  to  prosecute  the  work  economicallv.  A  email  wall 
tent  for  storing  supplies  weighs  but  little  and  is  very  useful. 
The  commissary  should  consist  of  the  best  variety  of  substantial 
foods  obtainable  and  a  moderate  amount  of  delicacies  in  the 
wav  of  the  best  brands  of  canned  fruits  for  field  lunches  and 
evaporated  or  fresh  fruits  for  table  use. 

With  good  supplies  and  a  neat,  competent  cook  to  prepare 
them  for  the  table,  you  will  generally  have  a  satisfied  party. 
Poor  supplies  are  unsatisfactory  and  expensive  and  an  untidy 
cook  only  good  to  be  gotten  rid  of. 

Even  in  thevbest  settled  country  I  have  found  the  camp  much 
more  satisfactory  than  stopping  at  farm  houses  and  hotels  as 
this  gives  members  of  the  party  a  home  of  their  own.  It  is  in- 
teresting and  pleasing  to  note  the  care  usually  taken  by  mem- 
bers of  the  party  to  make  camp  homelike.  Such  manners  as  are 
observed  in  every  good  home  should  be  practiced  and  insisted 
upon  by  the  chief,  especially  at  meals.  I  do  not  know  of  any 
form  of  living  that  so  quickly  brings  out  the  best  and  worst 
traits  of  human  character,  the  best  soon  predominating  when 
guided  by  a  competent  chief. 

It  will  not  be  necessary  to  go  into  detail  regarding  personal 
qualifications  of  each  member  of  the  party,   as   what     allies 
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to  the  chief  will  in  a  measure  do  so    to    all,    since    each    at 
some  future  time  hopes  to  fill  an  equally  desirable,  position. 

To  fill  the  place  successfully  the  chief  must  be  a  man  in 
the  broadest  sense  of  the  word  and  of  more  than  ordinary  ex- 
ecutive ability.  He  must  be  temperate  in  all  ways,  strictly 
honest,  courteous,  remembering  that  all  have  rights  which  must 
be  respected,  a  strict  but  kind  disciplinarian,  so  winning  the 
respect  and  confidence  of  his  men  that  they  will  consider  it  a 
pleasure  to  do  their  best  under  all  circumstances.  He  must  be  a 
leader,  not  driver,  since  the  class  of  men  suitable  for  the  work 
are  usually  too  intelligent  to  stand  driving.  He  must  be  compe- 
tent to  do  all  kinds  of  work  in  detail  from  currying  a  mule  to 
solving  intricate  trigonometrical  problems.  He  must  always  be 
on  the  alert,  knowing  from  personal  observations  that  each  man 
is  properly  performing  the  duties  assigned  to  him.  With  these 
qualifications  he  will  be  able  to  instill  into  each  member  of  the 
party  a  desire  for  gentlemanly  conduct,  neatness  and  regularity 
in  everything  connected  with  camp  life  and  work  in  the  field. 

I  have  found  the  most  satisfactory  field  hours  are  to  start 
from  camp  promptly  at  seven  A.  M.  reach  camp  and  be  ready 
for  supper  at  half  past  six  P.  M.  having  had  an  hour  for  lunch 
in  the  field.  After  supper  there  is  an  hour's  work  for  the 
transitman,  leveler,  topographer  and  draughtsman  and  chief.  The 
chief's  work  is  never  done. 

Before  starting  on  a  survey  the  chief  should  be  furnished 
with  such  maps  and  reconnoisancc  notes  of  the  country  to  be 
traversed  as  are  available.  These  will  give  him  approximate 
ideas  of  sharpest  curvature  and  maximum  grades  to  be  used, 
.these  to  be  accurately  determined  by  a  reconnoisance  preliminary 
run  over  a  freight  division.  This  survey  which  should  be  the 
first  done  will  also  determine  where  it  mav  be  desirable  to  intro- 
duce  helper  grades.  Without  this  information  valuable  time 
is  apt  to  be  lost  from  having  assumed  the  maximum  grade  al- 
lowable, a  few  hundredths  too  high  or  low,  this  being 
especially  true  where  long  maximum  planes  will  be  encountered. 
In  these  days  of  low  freight  rates  desired  by  the  public  and  big 
dividends  by  owners  of  the  railroad,  the  operating  department 
will  not  be  entirely  satisfied  unless  the  locater  is  able  to  show  a 
down  hill  pull  for  all  loads. 

With  data  secured  by  the  reconnoisance  preliminary  as  a 
base,  determine  by  preliminaries  every  possible  feature  of  the 
country  that  will  affect  placing  finished  location.  The  chief 
should  never  allow  himself  to  tire  of  running  development 
lines  that  show  accurately  the  country.  Besides  running  lines 
that  seem  to  him  necessarv  he  should  have  each  member  of  his 
party  studying  the  country  and  giving  him  the  result  of  their 
observations.    He  will  meet  a  great  many  outsiders  full  of  advice 
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that  they  are  anxious  to  give  him.  Quite  likely  they  have  an 
ax  of  their  own  to  grind j  however  their  information  may  be  use- 
ful, so  listen  to  what  they  have  to  offer  thanking  them  and  tell- 
ing them  respectfully  in  the  fewest  possible  words  why  their 
plan  is  impracticable,  if  so.  Remember  that  with  an  inquiring 
•management  a  great  many  questions  will  be  asked  which  can  be 
most  satisfactorily  answered  by  a  line,  profile  and  estimate.  It 
is  very  displeasing  after  days  of  hard  labor  to  have  someone  ask 
a  question  the  answer  to  which  will  upset  all  the  well  laid  plans 
of  the  chief,  however  good  his  judgment,  unless  he  has  often 
looked  at  the  problem  through  other  peoples  eyes.  A  capable 
management  will  never  find  fault  with  expenses  incurred  in 
surveys  when  valuable  information  is  gained,  negative  informa- 
tion often  being  more  valuable  than  positive.  We  frequently 
meet  locaters  who  claim  to  be  able  to  place  a  suitable  line  with 
few  or  no  preliminaries.  Such  men  are  like  those  who  never 
make  mistakes,  unsafe  to  tie  to. 

In  the  field  especially  on  preliminary  work,  the  chief  needs 
to  supply  himself  with  suitable  pocket  instruments  for  taking  ap- 
proximate grade  levels  and  direction,  then  keep  in  advance  of 
the  party  in  order  to  lay  these  lines  to  best  secure  with  least 
work  topographical  features  that  will  control  placing  the  loca- 
tion. We  often  find  men  finally  obtaining  good  results  who  do 
so  at  unnecessary  expense  by  not  being  active  enough  in  ex- 
amination of  the  country  ahead  of  the  field  party.  It  is  on  this 
work  that  the  saddle  horse  is  most  valuable  allowing  the  chief 
to  get  over  more  country  and  still  be  in  touch  with  the  party. 

As  the  speed  and  accuracy  of  the  location  depends  upon 
accuracy  of  information  secured  by  development  lines  in  the  field 
and  mapped,  the  work  cannot  be  done  too  carefully.  About  the 
first  instructions  I  received  in  my  school  days  were  to  do  the  pre- 
liminary work  with  care  then  the  finishing  correctly  would  be 
easy.  It  is  annoying  to  find  after  planning  a  line  and  placing 
it  in  the  field,  that  inaccurate  work  on  development  lines  puis 
your  location  entirely  away  from  where  you  had  planned.  I 
have  often  known  of  lines  showing  accuracy  enough  so  that 
a  circuit  of  fifty  miles  gave  latitude  and  departures  that  closed 
within  a  -few  feet,  the  courses  often  checking  to  the  minute. 

In  rough  country  I  find  that  slopes  taken  along  the  direction 
of  drainage  and  ridges  give  better  results  than  when  taken  at 
right  angle  to  the  line,  also  that  more  territory  can  be  covered 
with  the  same  amount  of  work,  to  do  this  the  topographer  should 
in  addition  to  slope  level  have  a  compass  having  at  least  a  two 
and  one-half  inch  needle  with  which  to  take  courses  of  slope  lines. 
Where  very  steep,  take  slopes  along  the  bottom  of  ravine  and 
crest  of  ridges,  with  well  defined  bottoms  and  flat  tables  be- 
tween.    Take  slopes  along  drainage  line  then  foot  and  top  of 
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steepest  slopes,  and  where  tables  are  wide  at  intermediate  points 
often  enough  to  secure  data  for  locating  accurately  the  slope  on 
a  map.  I  find  best  results  as  a  whole  are  obtained  by  referring 
slopes  to  the  ground  elevation  at  station  from  which  slopes  are 
taken  and  recording  in  note  book  as  so  many  feet  above  or  be- 
low ground  at  that  station  with  distance  right  or  left  of  it, 
afterwards  determing  location  of  ten  foot  contours  in  the  office 
To  secure  ten  foot  contour  intervals  in  the  field  means  that  the 
topography  party  must  be  a  day  behind  and  have  the  annoyance 
of  carrying  a  profile  in  the  field  with  it.  While  saving  the 
draughtsman  time  this  is  unsatisfactory  requiring  extra  trans-* 
portation  facilities  and  dividing  the  part}-.  To  keep  all  interested, 
I  find  it  well  to  have  the  field  party  bunched  as  much  as  pos- 
sible for  when  one  part  is  much  behind  it  soon  becomes  discour- 
aged and  drags.  Although  extremely  accurate  topographical  work 
can  be  secured  by  use  of  plane  table,  doing  platting  in  the  field 
the  numerous  drawbacks  to  its  use  more  than  offset  the  accur- 
acy gained. 

Even  in  rough  country  topographical  features  should  be 
accurately  located  over  a  strip  of  country  five  hundred  feet  each 
side  of  the  center  line,  while  the  trend  of  streams  and  objects  of 
interest  such  as  houses  and  prominent  points  should  be  sketched 
in  and  approximately  located  for  at  least  one-fourth  mile  away. 
For  locating  distant  objects  where  considerable  accuracy  is  de- 
sirable, stadia  measurements  give  good  results  and  can  be  ob- 
tained by  a  transit  having  stadia  wire ;  or  small  horizontal  angles, 
with  a  short  horizontal  distance  measured  at  right  angle  to  line 
desired  being  measured,  taken  from  point  to  be  located. 

Usually  books  for  recording  topographical  notes  are  ruled 
with  small  squares.  Each  one  of  these  should  represent  a  dis- 
tance of  50  feet  each  way  both  vertical  and  horizontal.  Along 
the  center  line  of  the  page  station  numbers  should  be  marked 
every  second  line,  the  left  hand  page  being  used  to  record 
slopes ;  the  right  hand,  trend  of  streams,  buildings  and  outline 
topography,  the  distance  out  being  shown  by  number  of  squares 
from  center  line  drawn  vertically  across  the  page.  Any  object 
located  beyond  limits  of  page  will  have  the  distance  written 
out,  the  use  of  two  pages  saves  complicating  notes. 

There  should  always  be  two  and  usually  three  maps  made, 
a  5,000  foot  scale  map  showing  all  lines  run,  with  elevations  at 
controlling  points,  drainage  line  of  principal  streams  and  land 
line.  This  is  for  general  use  and  the  most  valuable  map  the 
chief  has  for  determining  in  a  general  way  the  location  of  the 
line.  A  larger  scale  map  becomes  unwieldy.  In  rough  country  a 
400  foot  scale  map  for  detail  work  will  be  required.  This  should 
show  accurately  all  information  secured,  so  the  location  can  be 
projected  and  profile  made  from  which  it  is  possible  to  make 
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estimates  in  planning  location.  The  third  map  will  be  iooo 
feet  to  an  inch  for  general  office  use  and  during  construction. 
This  must  show  all  land  lines,  improvements  to  property,  roads, 
drainage  lines,  areas  under  640  acres  and  prominent  bluffs 
hatched  in. 

In  flat  country  this  map  can  take  the  place  of  the  400  foot 
scale  map. 

All  lines  should  be  platted  by  latitude  and  departure  calu- 
lated  independently  by  the  transitman  and  draughtsman.  No 
other  method  gives  satisfactory  results. 

After  the  lines  are  platted,  all  buildings,  roads,  improve- 
ments and  streams  should  be  put  on  the  map  then  contours  for 
.  e->ch  ten  foot  interval  carefully  and  clearly  mapped  showing  the 
o*^e  hundred  foot  intervals  by  a  slightly  heavier  line.  Crossing 
li^es  run  by  contour  intervals  should  always  be  located  from 
profile  of  line.  From  topographers  slope  notes  ten  foot  contours 
enn  be  obtained  either  graphically  or  by  calculation.  If  graphi- 
cally, flat  slopes  from  stations  given,  on  preliminary  profile 
using  blue  lines  for  right  hand  slopes  and  red  lines  for  left  hand. 
This  method  has  the  advantage  of  being  quick  and  the  draughts- 
man has  the  profile  of  line  and  slopes  before  him,  but  when  slopes 
?r^  taken  close  together  it  is  sometimes  confusing.  In  calcu- 
lating rule  a  note  book  with  vertical  lines  one-third  of  an  inch 
e^h  side  of  the  center  line,  recording  the  station  number  on 
each  second  horizontal  line  and  the  surface  elevation  at  points 
frcm  which  slopes  were  taken.  On  each  side  of  this  show  the 
ten  foot  contours  with  distance  from  center  line.  I  like  this  meth- 
od best  as  it  gives  a  compact  record  of  the  work.  The  draughts- 
man should  be  sure  all  information  secured  is  put  on  the  map 
as  there  is  never  too  much. 

With  our  preliminary  work  completed  and  mapped,  the 
proposed  location  must  be  carefully  drawn  on  the  working  map 
making  profile  of  the  projected  location  from  the  map  and  calcu- 
lating to  be  sure  it  is  right.  From  this  projection  accurate 
notes  must  be  figured  for  the  line  to  be  run.  Here  your  lati- 
tude and  departures  will  be  useful  and  save  depending  entirely 
upon  scaling  notes  from  the  map.  Where  the  country  is  com- 
paratively smooth  the  final  location  stakes  can  safely  be  driven, 
but  in  rough  country  it  is  better  to  run  a  trial  location  with  pre- 
liminary stakes  and  unspiralized  curves  as  slight  changes  are 
liable  to  be  needed  to  obtain  the  cheapest  and  best  line.  The 
final  locatioit  should  usually  be  marked  with  stakes  one  inch  thick, 
two  inches  wide,  sixteen  inches  long,  one  half  the  length  being 
driven  in  the  ground.  Bench  marks  for  permanent  elevation 
should  be  located  at  least  each  1000  feet,  preferably  on  permanent 
objects  such  as  roots  of  trees  and  corners  of  house  walls.  If 
these  cannot  be  had,  use  good  strong  hubs  with  guard  stakts*. 
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All  2°  or  sharper  curves  must  be  spiralized  with  transition 
curves  as  long  as  the  distance  required  to  elevate  out  side  rail  in 
passing  from  tangent  to  a  circular  curve,  usually  two  hundred 
feet.  The  number  of  chords  in  transition  curve  should  equal 
the  degree  of  circular  curve  spiralized.  Thus  a  four  degree 
curve  will  have  for  a  two  hundred  foot  transition  four  fifty  foot 
chords.  Remember  that  starting  from  the  tangent  the  first 
chord  deflection  will  have  as  many  minutes  as  there  are  ten  foot 
parts  in  that  chord  which  would  be  five  minutes  for  a  fifty  foot 
chord.  Deflect  for  the  first  chord  the  number  of  minutes  given 
and  for  each  succeeding  chord  this  angle  multiplied  by  the  chord 
number  in  a  40  curve  with  a  200  foot  transition  curve  we  would 
have  four  chords,  deflection  to  the  first  five  minutes,  fourth 
or  beginning  of  circular  curve  5x16  or  80  minutes,  with  transit 
set  at  P.  C.  of  circular  curve  and  backsight  on  beginning  of 
transition  curve  deflect  double  angle  from  beginning  of  transi- 
tion curve  to  this  point  to  get  on  tangent ;  then  run  circular 
curve  by  usual  method.  To  run  transition  curve  from  circular 
curve  to  tangent,  calculate  what  the  deflection  angle 
for  a  circular  curve  will  be  for  distance  to  point  de- 
sired to  set,  then  reduce  that  by  the  deflection  for  trinsi- 
tion  curve  the  same  distance  figuring  from  tangent  point,  thus 
for  third  point  on  a  four  degree  with  two  hundred  feet 
transition,  we  would  have  for  40  curve  150  feet  180  minutes 
transition  curve  to  third  point,  45  minutes  leaving  135  minutes 
deflection  from  tangent  at  end  of  circular  curve  to  set  point 
three  from  circular  curve.  In  all  cases  total  transition  curve 
angle  will  be  equal  half  the  length  of  that  curve  multiplied  by 
degree  of  circular  curve. 

Given  the  angle  and  the  degree  of  curve  to  be  spiraled  to 
rind  semitangent  to  locate  beginning  and  first  obtain  shift  of 
curve  due  to  spiral,  add  this  to  the  length  of  radius  of  curve  to 
be  spiralized,  calculate  semitangent  of  curve  with  this  lengthen 
radius  and  add  to  it  half  length  of  transition  curve  to  obtain 
points  from  which  to  start  and  end  transition  curve.  The  shift 
can  be  quickly  obtained  by  Professor  Green's  formula  which  is: 

8  L2  T)       I>=Degree  of  Curve. 
1,100,000  L=Length  of  Spiral. 

I  have  taken  considerable  space  describing  this  method  of 
running  transition  curves  as  it  is  simple,  rapid  and  sufficiently 
accurate  for  the  work  to  which  applied. 

On  location  care  must  be  taken  to  tie  in  all  land  lines  and 
improvements  within  500  feet  with  accuracy.  Run  out  all 
drainage  under  640  acres  where  small  culverts  or  pipe  openings 
can  be  used.     Openings  that  will   eventually  be  large  culverts 
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can  usually  be  filled  at  first  by  temporary  bridges  and  areas  run 
out  by  maintenance  engineers. 

On  the  iooo  foot  scale  map  and  profile  of  location  show 
everything  that  will  be  of  use  in  construction  remembering  too 
much  information  cannot  be  given  so  long  as  it  is  done  with  clear- 
ness. 

Now  for  a  few  words  on  values :  There  are  so  ir»any  text 
books  on  these  and  various  scientific  problems  of  location,  what 
I  could  add  would  do  little  to  enlarge  your  knowledge  in  that 
direction. 

Values  will  be  determined  by  the  probable  traffic  of  the  line. 
We  ordinarily  get  them  too  low.  The  usual  method  of  obtaining 
them  is  by  the  train  mile.  While  to  me  this  seems  very  indefinite 
and  should  be  replaced  by  the  car  or  ton  mile,  1  have  thus  far 
been  unable  to  get  accurately  such  data,  so  content  myself  with 
what  can  be  had. 

It  is  generally  conceded  that  we  can  afford  to  spend  $7.50 
per  degree  of  curve  thrown  out  for  each  train  over  the  curve, 
that  is  to  say  if  you  have  twenty  trains  per  day  over  the  curve 
you  can  spend  $150.00  per  degree  of  curve  saved. 

While  I  think  most  authors  do  not  consider  a  curve  thrown 
out  regardless  of  angle,  of  any  value,  1  find  from  partial  records 
of  accidents  undoubtedlv  due  to  the  curve,  that  a  low  estimate 
for  a  curve  thrown  out  above  angle  saved  would  be  $1,000.00. 
In  case  of  blind  curves  and  those  sharper  than  safe  to  run  over 
at  high  speed  $10,000.00  would  be  a  small  expense  to  incur  in 
eliminating  them.  We  have  had  numerous  cases  within  the 
last  few  months,  both  in  America  and  Europe  will  prove  this. 

Distance  saved  has  many  conditions  to  be  considered  such 
as  revenue  lost,  especially  in  passenger  earnings  in  non-competi- 
tive territory  and  greater  expense  and  no  more  revenue  where 
your  competition  has  the  shorter  line.  On  the  assumption  that 
maximum  grades  will  be  the  same  by  either  line,  $11.00  per 
foot  per  train  would  be  high  enough. 

Using  Wellington's  method  of  figuring  for  rise  and  fall,  I 
find  for  grades  steeper  than  .05%,  forty  (40)  dollars  per  foot 
of  hill  per  train  and  $25.00  per  foot  on  the  same  basis  for  grades 
below  .05%.  The  basis  of  this  figuring  should  lie,  for  at  least  the 
greater  items  of  increased  expense,  one  ton  raised  one  foot.  Ac- 
curate data  along  this  line  I  find  hard  to  secure. 

Equations  on  grades  due  to  curvature  depends  greatly  on 
condition  of  rolling  stock  as  regards  bearings  between  trucks 
and  car  body.  I  know  of  one  instance  where  experiments  were 
made  with  overloaded  bad  order  cars  where  reduction  was  near- 
ly 0.1  foot  per  degree  of  curve,  other  experiments  have  shown 
as  low  as  0.06  feet  per  degree.    Sonic  engineers  figure  as  lc/w  as 


66  THE   NEBRASKA   BLUE   PRINT. 

0.03  feet  per  degree.  While  I  have  always  used  as  high  as  0.05 
feet  per  degree  of  curve  with  fair  results,  I  am  satisfied  that 
with  usual  condition  of  rolling  stock  0.075  f***  Per  degree  would 
be  better.  This  is  especially  true  where  the  curve  is  long,  and 
short  tangents  between  curves. 

I  hope  that  some  of  the  points  touched  on  will  be  of  value 
to  the  young  engineers  who  may  be  called  upon  in  the  future  to 
do  location  work. 


INDUCTION  MOTOR  APPLICATIONS. 

A.  E.  Hibner,  Westinghouse  Electric  and  Mfg.  Co.;  Pittsburg,  Pa. 


{ 


A  great  many  articles  have  been  written  during  the  past 
year  on  the  induction  motor,  most  of  them  dealing  with  its  elec- 
trical characteristics  from  a  theoretical  standpoint.  This  article 
will  deal  with  the  induction  motor  more  from  a  commercial  point 
of  view,  and  a  few  of  the  more  common  applications  will  be  men- 
tioned. 

Factories  building  induction  motors  are,  as  a  rule,  very  far 
behind  in  their  orders,  especially  in  the  more  common  speeds. 
This  increased  demand  for  this  type  of  motor  is  probably  due 
to  a  great  extent,  to  the  efforts  of  the  central  stations.  The  cen- 
tral stations  are  beginning  to  realize  that,  to  get  a  maximum 
return  on  their  investment,  they  must  operate  their  plants  at  as 
nearly  a  constant  load  as  possible  twenty-four  hours  a  day.  This, 
of  course,  means  a  power  load  during  the  daytime.  The  central 
stations  are,  therefore,  sending  out  solicitors  whose  business  is 
to  get  small  factories  and  shops  to  install  motors  for  driving  their 
machinery  and  are  prepared  to  offer  low  rates  for  this  class  of 
service.  Large  central  stations  usually  carry  in  stock,  in  limited 
quantities,  motors  of  all  sizes  suitable  for  the  particular  charac- 
teristics of  their  circuits. 

It  might  be  of  interest  to  outline  the  different  types  of  in- 
duction motors  that  are  being  manufactured  to  meet  the  various 
requirements  of  the  consumer.  Complete  lines  of  these  motors 
have  been  designed  from  one-half  horse  power  up  to  five  hun- 
dred horse  power,  and  can  be  obtained  as  high  as  two  thousand 
horse  power.  Motors  of  sixty  and  twenty-five  cycle  circuits, 
two  or  three-phase,  and  of  ioo,  200  or  400-volts,  are  regularly 
carried  in  stock  from  one-half  to  seventy-five  horse  power, 
where  the  factories  are  able  to  keep  up  with  the  demand.  Motors 
above  twenty  or  thirty  horse  power  are  also  designed  to  operate 
on  any  voltage  up  to  three  thousand  but  are  not  as  a  rule  carried 
in  stock  for  immediate  shipment.  Speeds  for  stock  motors  for 
sixty  cycle  circuits  are  1700  and  1120-R.  P.  M.  for  the  smaller 
sizes  and  1120,  850  and  690-R.  P.  M.  for  the  larger  sizes.  For 
twenty-five  cycle  circuits  the  standard  speeds  are  710  and  480- 
R.P.  M. 

For  slower  speeds  than  those  above  given,  a  complete  line 
of  back-geared  motors  has  been  designed.  By  this  means  slow 
speeds  can  be  obtained  at  a  much  less  expense  than  could  be 
done  by  any  electrical  means.    These  back-geared  motors  consist 
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of  a  standard  motor  furnished  with  special  brackets  carrying  a 
counter  shaft  and  bearings,  the  counter  shaft  being  geared  to  the 
motor  shaft.  With  this  system,  almost  any  speed  can  be  obtained 
for  a  given  horse  power.  For  example, — take  a  twenty-horse 
power,  four  pole,  sixty  cycle  motor.  The  full  load  speed  will  be 
about  1700-R.  P.  M.  By  using  back  geared  parts,  a  counter 
shaft  speed  from  425  to  225-R.  P.  M.  can  be  obtained.  With  a 
six  pole  motor,  running  at  full  load  speed  of  1120-R.  P.  M.,  a 
counter  shaft  speed  of  280  to  150-R.  P.  M.  is  possible;  and  with 
an  eight  pole  motor  with  a  full  load  speed  of  850-R.  P.  M.,  coun- 
ter shaft  speeds  from  210  to  115-R.  P.  M.  are  obtained.  Motors 
equipped  with  back  geared  parts  cost  very  little  more  than  stand- 
ard motors,  yet  slow  speeds  can  be  obtained  very  efficiently  by 
this  method.  Either  the  standard  or  back  geared  motor  can  be 
arranged  for  wall  or  ceiling  suspension. 

In  addition  to  the  back  geared  motors  there  are  on  the  mar- 
ket complete  lines  of  vertical  motors.  These  motors  have  the 
same  electrical  characteristics  as  the  horizontal  motors,  but  have 
their  shafts  in  a  vertical  instead  of  -horizontal  position.  The 
weight  of  this  rotating  part  is  usually  carried  by  a  ball  thrust 
bearing,  running  in  an  oil  bath.  These  motors,  in  addition  to  the 
ordinary  open  type,  are  also  built  totally  enclosed  for  driving 
sinking  pumps.  These  motors  can  be  submerged  in  water  with- 
out injury,  but  cannot  be  operated  under  water.  Vertical  motors 
are,  of  course,  designed  primarily  for  direct  connection  to  pumps 
or  similar  apparatus  and  are  not  suitable  for  driving  machinery 
by  belting. 

All  of  these  motors  are  designed  with  the  squirrel  cage  sec- 
ondary, but  there  is  also  a  type  of  motor  having  a  wire  wound 
secondary.  This  type  of  motor  is  used  almost  altogether  in  the 
large  sizes,  where  the  size  of  the  motor  is  large  in  comparison 
with  the  generating  plant,  or  where  it  is  necessary  to  start  heavy 
loads  and  bring  them  up  to  speed.  The  chief  characteristic  of 
this  type  of  motor  is  small  starting  current  required  to  get 
full  load  torque  in  starting;  this  condition  being  obtained  by  in- 
serting resistance  in  the  secondary  circuit.  The  wound  secondary 
also  furnishes  a  means  of  varying  the  speed,  the  speed  depending 
upon  the  amount  of  secondary  resistance.  This  motor,  however, 
is  not  a  variable  speed  motor  in  the  strict  sense  of  the  word ;  that 
is,  the  horse  power  output  is  not  constant  over  the  entire  range 
of  speed,  as  in  the  case  of  the  direct  current  variable  speed 
motor.  The  horse  power  output  in  this  motor  depends  upon  the 
speed,  th*e  slow  speeds  being  obtained  at  a  sacrifice  of  horse  power. 

The  above  outlines  in  brief  the  various  types  of  induction 
motors  that  are  being  built  every  day  by  electrical  manufacturers. 
It  is  seen  that  the  induction  motor  can  replace  the  direct  current 
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motor  for  all  ordinary  classes  of  service  and  has  the  advantage 
of  simplicity  and  nigged  construction,  the  induction  motor  hav- 
ing no  commutator  to  collect  dirt  and  give  trouble.  The  induction 
motor  without  a  doubt  requires  less  attention  than  any  other 
moving  piece  of  electrical  machinery.  This  does  not  mean  that 
no  attention  whatever  is  required.  Salesmen  have  been  known 
to  make  the  statement  that  induction  motors  require  absolutely 
no  attention  whatever.  Such  a  statement,  of  course,  is  not  true 
and  if  followed  out  by  the  customer,  ends  in  the  burning  out  of 
the  motor  winding  or  bearings.  The  motor  should  be  kept  free 
from  dirt  and  the  bearings  supplied  with  plenty  of  clean  oil  at 
frequent  intervals.  Instances  have  been  known  where  the  motor 
has  been  neglected  and  the  dirt  accumulated  to  such  an  extent 
that  the  motor  could  not  be  started.  Numerous  cases  have  been 
known  where  bearings  were  burned  out  simply  by  neglecting  to 
supply  the  bearings  with  oil  at  frequent  intervals.    While  on  the 
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subject  of  troubles,  a  common  one  with  a  newly  installed  motor 
might  be  mentioned ;  namely,  the  blowing  of  the  main  line  fuses 
when  the  motor  is  started.  Induction  motors  of  any  size  are 
usually  protected  by  two  sets  of  fuses.  One  set  is  just  large 
enough  to  carry  full  load  current  and  is  automatically  cut  out  of 
circuit  in  starting.    The  other  set  is  placed  in  the  main  supply 
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circuit  and  must  be  able  to  carry  about  three  times  the  full  load 
current.  Customers,  in  installing  a  new  motor,  will  very  fre- 
quently place  fuses  in  the  main  circuit  which  are  just  large 
enough  to  carry  full  load  current,  and  they  are  very  much  sur- 
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prised  when  the  fuses  are  blown  as  soon  as  the  motor  is  started. 
A  great  deal  of  trouble  and  expense  to  the  customer  can  be 
saved  by  a  little  investigation  in  such  a  case  and  by  the  use  of 
larger  fuses  in  the  main  circuit. 

One  of  the  most  common  uses  for  induction  motors  is  prime 
mover  in  a  motor  generator  set.  These  sets  are  used  a  great  deal 
as  exciters  for  alternators  and   for  charging  storage  batteries. 


Fig.  No.  5. 
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For  this  kind  of  work  the  induction  motor  can  be  designed  for 
maximum  efficiency.  These  sets  are  usually  started  without  a 
load  on  the  generator  and  very  little  starting  torque  is  required. 
The  squirrel  cage  type  of  secondary  is  generally  used  and  the 
motor  is  designed  for  a  minimum  slip,  thus  giving  a  maximum 
efficiency.  Good  starting  torque  requires  a  certain  amount  of 
secondary  resistance,  which  means  a  greater  full  load  slip  and 
more  copper  loss.  It  might  be  mentioned  that  the  amount  of 
secondary  resistance  in  the  squirrel  cage  type  of  secondary  is 
controlled  by  the  composition  and  area  of  the  short  circuiting 
or  end  rings.  Under  the  same  class  of  service  as  the  motor 
generator  set  would  come  motor  driven  fans,  blowers  and  air 
compressors.  In  the  case  of  the  air  compressor,  there  is  some 
times  furnished  with  the  motor  an  automatic  controller,  which 
starts  the  motor  when  the  air  pressure  drops  to  a  certain  point 
and  stops  the  motor  again  when  the  pressure  has  been  raised  to 
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a  certain  limit.  The  same  scheme  can  also  be  used  for  hydraulic 
work.  This  system  makes  a  very  economical  set,  as  all  expense  . 
ceases  when  the  motor  is  stopped.  As  an  example  of  the  use  of 
induction  motors  for  driving  centrifugal  pumps,  the  2000  H  P 
motors,  supplying  water  for  the  cascades  at  the  St.  Louis  Ex- 
position, might  be  mentioned. 

Certain  classes  of  machine  tools  can  be  operated  to  advan- 
tage by  induction  motors.  Among  these  are  spindle  drills, 
punches,  slotters  and  planers.  With  these  kinds  of  machines, 
the  motor  is  usually  mounted  directly  on  the  fjame  of  the 
machine  and  is  either  directly  connected  or  geared  to  the  mechan- 
ism of  the  machine.  For  such  class  of  service,  where  there 
are  heavy  reciprocating  parts,  the  motor  is  equipped  with  a 
flywheel  to  relieve  the  motor  from  the  strains,  due  to  the  reversal 
of  the  planer  bed  or  the  sudden  load  in  the  case  of  a  punch.  The 
induction  motor  can  better  stand  this  class  of  service  than  the 
direct  current  motor,  which  tends  to  spark  at  the  brushes  when 
suddenly  subjected  to  an  overload.  Furthermore,  the  induction 
motor  cannot  run  away  should  the  circuit  be  accidentally  opened, 
as  would  the  direct .  current  motor  should  the  field  circuit  be 
opened.  In  such  a  case  the  motor,  and  probably  the  machine 
which  it  was  driving  would  be  damaged. 

While  on  the  subject  of  machine  tools,  grinders  should 
not  be  omitted  as  induction  motors  are  particularly  adapted  for 
this  work.  Where  the  direct  current  motor  might  be  damaged 
by  the  dirt  and  flying  particles  falling  on  the  commutator  from 
the  grindstones,  the  induction  motor  would  be  unaffected,  having 
no  parts  to  be  damaged. 

In  small  machine  shops  and  factories,  where  overhead  cranes 
do  not  prevent  the  running  of  line  shafting,  group  driving  is 
used  to  a  great  extent.  A  great  many  machines  can  be  driven 
by  one  motor  in  this  case  and  the  cost  of  installation  is  less  than 
with  individual  drive  for  each  machine.  The  motors  are  usually 
suspended  from  the  ceiling  and  are  started  and  stopped  by  a 
switch  or  auto-starter  mounted  on  the  side  wall  or  supporting 
column. 

Cranes,  hoists  and  elevators  represent  another  class  of  serv- 
ice for  which  induction  motors  are  used  to  a  great  extent.  In 
this  kind  of  work,  where  loads  are  started  and  stopped  at  frequent 
intervals  and  carried  at  reduced  speeds,  the  wound  secondary 
type  of  motor  is  universally  used.  A  starting  torque  of  21-2 
times  full  load  torque  is  usually  specified  where  a  motor  is  to 
operate  these  types  of  machines.  This  type  of  motor  is  supplied 
with  slip  rings,  by  means  of  which  resistance  can  be  inserted  in 
the  secondary  circuit  by  the  use  of  a  suitable  controller,  usu^My 
of  the  drum  type.    This  type  of  motor  is  capable  of  staitm^  ?lwj 
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load  within  its  range  with  a  starting  current  slightly  greater  than 

full  load  running  current     The  speed  is  not  constant,  except 

with  a  constant  load,  and  with  light  loads  the  speed  will  be  very 

near  the  full  speed,  no  matter  what  notch  of  the  controller  the 

motor  is  running  on.    With  heavy  loads,  the  speed  of  the  motor 

depends  upon  the  torque  required  and  the  amount  of  secondary 

resistance  in  circuit.  For  example :  Take  a  15-H.  P.,  6-pole,  60- 
cycle  motor  starting  a  load  requiring  a  torque  of  60-lbs.  On  the 
first  notch  of  the  controller  the  motor  will  not  develop  sufficient 
torque  to  start  the  load.  On  going  to  the  second  notch  of  the 
controller,  the  load  will  start  and  be  brought  to  a  speed  of  400- 
R.  P.  M.,  the  motor  developing  about  5-H.  P.  On  the  third 
notch  the  speed  will  increase  to  750-R.  P.  M.  and  the  horse  power 
developed  to  8.5 ;  each  succeeding  notch  means  an  increase  in  the 
speed  and  horse  power,  until  finally  the  secondary  is  short  cir- 
cuited when  the  speed  is  about  1100-R.  P.  M.  and  the  motor 
is  developing  15.5-H.  P.  Motors  for  this  class  of  work  are 
usually  only  given  a  nominal  horse  power  rating,  which  means 
the  horse  power  developed  with  a  certain  temperature  rise  with 
the  secondary  short  circuited.  In  selecting  a  motor  for  a  partic- 
ular use,  a  study  of  the  speed  torque  curves  should  be  made  in 
order  to  arrive  at  the  proper  size  of  motor. 

Besides  the  special  cases  given  above,  induction  motors  are 
used  for  driving  all  kinds  of  wood  working  machinery,  such  as 
band  saws,  circular  saws,  planers,  etc.  Also  ice  cream  freezers, 
coffee  mills,  looms,  dough  mixers,  brewery  machinery,  such  as 
mashers,  cookers,  brine  and  beer  pumps,  and  an  endless  number 
of  maqhines  for  similar  classes  of  work.  In  general,  induction 
motors  can  be  used  for  all  classes  of  service  where  a  direct  cur- 
rent motor  could  be  used  with  the  exception  of  lathes,  where  re- 
cent developments  in  high  speed  tool  steel  has  made  it  necessary 
to  regulate  the  speed  of  the  driving  motor  by  very  small  in- 
crements. 

One  of  the  most  important  features  of  an  induction  motor 
to  a  central  station  man  is  its  power  factor,  for  the  maximum 
returns  are  obtained  with  a  given  size  of  generating  plant  when 
the  power  factor  is  unity.  Designers  of  induction  motors  realize 
the  disadvantage  of  a  low  power  factor  and  design  their  motors 
to  give  the  highest  power  factor  consistent  with  good  mechanical 
design.  The  power  factor  of  a  given  motor  depends  largely 
upon  the  air  gap  and  type  slot  used.  Power  factors  of  motors 
up  to  seventy-five  horsepower  will  average  about  87%,  and  from 
this  size  up  will  average  92%.  The  efficiency  of  motors  up  to 
seventy-five  horsepower  will  be  about  85%  and  for  the  larger 
sizes  will  run  up  as  high  as  92%. 
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In  conclusion,  a  few  of  the  electrical  characteristics  might 
be  mentioned. 

The  slip  varies  inversely  as  the  square  of  the  E.  M.  F. 

The  slip  is  directly  proportional  to  the  resistance  of  the 
secondary. 

The  torque  varies  as  the  square  of  the  applied  E.  M.  F. 

To  obtain  the  same  horse  power  when  the  motor  is  not  run 
at  its  designed  frequency,  the  voltage  should  be  changed  in  pro- 
portion to  the  square  root  of  the  change  in  frequency. 


THE  VALUE  OF  ALCOHOL  AS  A  FUEL  FOR  LAMPS 
AND  INTERNAL  COMBUSTION  ENGINES. 

By  J.  B.  Davidson,  Associate  Professor  of  Agricultural  Engineering, 

Iowa  State  College. 


January  ist,  1907,  a  national  law  went  into  effect  permitting 
the  withdrawa  of  alcohol  bond  free  from  tax  when  denaturized, 
or  rendered  unfit  for  use  as  a  beverage  by  the  addition  of  certain 
materials  repugnant  to  the  taste  and  smell.  This  law  which  was 
passed  by  the  national  Congress  in  the  spring  of  1906  brought 
forth  extravagant  claims  of  the  value  of  alcohol  for  lighting  and 
power  purposes.  At  the  present  time,  there  seems  to  be  a  gen- 
eral feeling  of  disappointment  inasmuch  as  it  has  been  discov- 
ered that  many  of  the  claims  set  forth  by  the  popular  writers  of 
the  day  were  wrong.  However,  it  is  a  matter  of  satisfaction 
that  the  tax  has  been  removed,  as  alcohol  will  find  at  once  an 
extended  use  in  various  industrial  arts.  In  the  light  of  investi- 
gation it  seems  that  it  will  be  some  time  before  alcohol  will  be 
generally  used  for  the  production  of  light  and  power. 

The  Agricultural  Engineering  Department  of  the  Iowa  State 
College  has  for  some  time  been  conducting  experiments  to  deter- 
mine the  comparative  heating  value  of  alcohol  and  gasoline  and 
the  consumption  of  each  in  lamps  and  small  engines.  The  results 
of  these  tests  will  be  made  public  later.  The  tests  recorded  in 
this  paper  are  preliminary  tests. 

The  alcohol  used  in  these  experiments  was  not  denaturized 
and  was  of  188  proof  or  94  per  cent  purity  by  volume.  It  is  sug- 
gested that  the  alcohol  for  fuel  purposes  be  of  90  per  cent  purity, 
and  hence  will  be  of  proportionately  lower  heating  value.  The 
gasoline  was  the  common  kind  used  for  fuel  for  stoves  and  en- 
gines, and  was  found  to  have  a  specific  gravity  of  0.729.  The 
weight  of  the  alcohol  was  found  to  be  6.846  pounds  per  gallon 
and  that  of  the  gasoline  6.075  pounds  per  gallon  at  the  standard 
temperature  of  6o°  F. 

To  determine  the  heating  value,  a  Parr  Standard  Calori- 
meter was  used  with  an  electric  igniting  device.  In  order  to 
secure  greater  accuracy  in  the  weighing  of  the  fuel  it  was  sealed 
in  small  glass  bulbs  of  suitable  size.  These  bulbs  had  capillary 
tubes  attached,  and  when  weighed,  filled,  sealed  and  reweighed 
gave  accurately  the  amount  of  fuel  sealed  in  the  bulb.  These 
bulbs  were  placed  in  the  calorimeter  and  broken  by  compiesivtv^ 
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them  between  the  electrodes  and  the  shell  wall,  with  the  cap  over 
the  mouth  of  the  shell.  •  This  method  prevented  practically  all 
loss  by  evaporization.  It  was  found  almost  impractical  to  handle 
these  volatile  liquids  in  any  other  way.  The  principle  of  the  Parr 
calorimeter  consists  of  igniting  from  0.3  to  0.5  gram  of  fuel  in 
a  shell  or  bomb  in  the  presence  of  sodium  peroxide  and  a  special 
chemical  accelerator,  the  whole  being  placed  in  a  suitable  bath. 
Some  difficulty  was  experienced  in  preventing  the  alcohol  from 
preigniting  and  also  in  igniting  the  gasoline.  No  correction  was 
made  for  the  water  in  the  alcohol  as  care  was  taken  that  the  heat 
formed  by  the  union  of  the  water  and  the  sodium  peroxide  was 
absorbed  before  the  charge  was  ignited.  The  following  formula 
was  ;used  in  the  calculation : 

Rise  of  temp,  of  bath  X  073  X  (2qoo+I34)_b   T  jj  ,g         Jb 
Known  weight  of  fuel  (alcohol  or  gasoline) 

The  2000  represents  the  number  of  grams  of  water  in  bath 
and  134  the  water  equivalent  of  the  beaker.  The  weight  of  fuel 
was  in  grams. 

The  total  heat  as  indicated  by  the  average  of  the  preliminary 
tests  is  as  follows: 

Alcohol  12146  B.  T.  U's  per  lb.  or  83151  B.  T.  ITs  per  gal. 

Gasoline  19728  B.  T.  ITs  per  lb.  or  119837  B.  T.  ITs  per  gal. 

The  above  results  would  indicate  in  the  beginning  that  al- 
cohol is  31  per  cent  lower  in  heating  value  than  gasoline  volume 
for  volume.  90  per  cent  alcohol  would  be  proportionately  lower 
or  about  35  per  cent. 

LAMP  TESTS. 

The  lamps  used  in  these  tests  were  of  the  overhead  genera- 
tor type  using  a  mantle.  The  fuel  was  passed  over  the  flame 
and  converted  into  gas  by  the  heat  of  the  flame.  The  gas  was 
then  mixed  with  air  and  conveved  to  the  bottom  of  the  burner 
then  up  thru  a  gauge  into  the  mantle  where  combustion  took 
place.  See  Figs.  1  and  2.  The  candle  power  was  measured  in  a 
horizontal  direction  with  a  standard  Reichsanstalt  photometer 
fitted  with  a  revolving  "flicker"  screen  to  blend  the  lights  and 
overcome  differences  in  color. 

All  of  the  above  tests  were  checked  by  a  second  test  for  the 
same  length  of  time.  It  was  noted  that  economy  depends  largely 
upon  the  adjustment  of  the  lamp.  This  adjustment  consists  in 
varying  the  size  of  the  hole  in  the  gas  nozzle  and  the  amount  of 
air  mixed  with  the  gas.  One  striking  advantage  to  be  noted  in 
the  use  of  alcohol  was  that  it  was  impossible  to  smoke  the  mantle 
regardless  of  the  mixture.  Taking  into  account  the  best  of  these 
tests,  we  would  believe  that  alcohol  has  but  52  per  cent  of  the 
lighting  value  of  gasoline  or  one  gallon  equals  1.92  gallons  of 
alcohol. 
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ALCOHOL  AS  FUEL  FOR  LAMPS. 


Lamp 

Fuel 
Used 

Duration 
of  Tests 

Amount  of 
Fuel  Used 
Pounds 

Average 
Candle 
Power  De- 
veloped 

Candle 

power 

Hours  per 

Gallon 

No.  1 
No.  1 

Gasoline 
Alcohol 

3Hrs. 
2Hrs. 

0.31 
0.63 

51.2 
63.05 

2948 
1571 

No.  2 
No.  2 

Gasoline 
Alcohol 

2Hrs. 
2Hrs. 

0.245 
.625 

65.5 

87.8 

3180 
1657 

ENGINE  TESTS. 

The  preliminary  engine  tests  consisted  in  operating  an  en- 
gine designed  for  gasoline  with  both  alcohol  and  gasoline  to  de- 
termine the  fuel'  consumption  per  brake  horse  power  with  each 
fuel.  It  was  found  necessary  to  start  the  engine  with  gasoline 
in  each  case.  The  engine  could  not  be  started  with  alcohol  ex- 
cept with  difficulty.  No  difficulty  was  met  with  in  operating 
engine  with  alcohol  after  having  been  warmed  up  provided  the 
jacket  water  was  kept  at  a  reasonable  high  temperature. 

In  changing  from  gasoline  to  alcohol  it  was  found  necessary 
to  open  the  feed  valve  in  order  to  secure  a  good  indicator  card. 
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No  attempt  was  made  to  heat  the  air  before  entering  the  carbur- 
etor. 

The  indicated  horse  power  was  obtained  with  a  Schaefer 
and  Budenburg  gas  engine  indicator.  The  cards  were  inte- 
grated with  an  Amslers  planimeter. 

ENGINE  DATA.  Engine  manufactured  by  Lennox  Ma- 
chine Co.,  Marshalltown,  Iowa.  Of  the  four-cycle  type  and 
cooled  with  water  from  College  main. 

Diameter  cylinder  7  inches.    Length  of  stroke  10  inches. 

Rated  at  8  H.  P. 


TEST 
NO 

TIME 

KIND  OF 
FUEL 

TEMP.  OF 
JACKET 

water 

M  EP. 

I  HP. 

BHP. 

RPM. 

EXPLOS. 
PER 
MIN. 

1 

30 

Gasoline 

198 

85.6 

11.7 

8.66    1       304 

140.6 

0  1 

*»  j 

3 
4 

146 

87.75 

11.65 

8.6 

304 

136. 

Alcohol 

212 

85.8 

11.6 

8.6 

306.5 

139.4 

5 

6- 

212 

84.75 

11.92 

8.65 

306.2 

139.8 

Compression 

Pounds  of 

Galons  per 

ressure. 

Fuel  Used 

B.  H.  P.  Hour 

1 

4tf 

3.74 

.1422 

2 

46 

3.71 

.142 

3 

4 

46 

6.S8 

.2055 

5 

46 

6.33 

.214 

6 

Gasoline  was  used  in  above  tests  weighed  6.17  pounds  per 
gallon.  The  alcohol  was  of  94  per  cent  purity  as  in  previous 
tests.  The  engine  was  new  and  gave  a  rather  low  mechanical 
efficiency. 

The  above  tests  seem  to  indicate  that  about  40  per  cent  more 
alcohol  is  required  to  produce  the  same  amount  of  power  as 
gasoline. 

Effect  of  Compression.  The  theory  has  been  advanced  that 
the  consumption  of  alcohol  can  be  lowered  to  that  of  gasoline  in 
a  special  designed  engine  by  increasing  the  compression  pressure 
thus  raising  the  thermal  efficiency.  No  doubt  this  can  be  done 
and  preignition  prevented  by  adding  water  to  the  alcohol.  Such 
an  engine  could  not  be  operated  with  gasoline  except  -for  start- 
ing.    It  would  also  be  liable  to  the  many  troubles  which  would 
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naturally  come  with  high  compression  pressures  in  the  matter 
of  starting  and  lubrication.  Such  engines  would  also  be  heavier 
and  would  need  to  be  more  carefully  made  to  withstand  the 
heavier  service. 

Production.  Denatured  alcohol  may  be  purchased  at  the 
present  time  for  about  twice  the  cost  of  gasoline.  The  question 
is  raised,  can  alcohol  ever  be  produced  to  compete  with  gasoline 
as  a  fuel  for  lighting  and  power  purposes.  Alcohol  can  be  man- 
ufactured readily  from  three  common  crops,  corn,  the  sugar  beet 
and  the  potato.  It  was  stated  before  the  Committee  on  Ways  and 
Means  of  the  National  House  of  Representatives  in  1906  that 
one  bushel  of  corn  will  produce  2.75  gallons  of  90  per  cent  alco- 
hol. M.  J.  R.  Dunstan  states  that  a  ton  of  sugar  beet  will  pro- 
duce 1 1  gallons  of  alcohol  and  a  ton  of  potatoes  will  produce 
22  galons.  The  pulp  left  from  the  manufacture  of  alcohol  is  of 
more  or  less  value  as  a  food  for  stock ;  the  exact  value,  however, 
is  hard  to  estimate.  Assuming  40  bushels  of  corn,  16  tons  of 
sugar  beet,  and  9  tons  of  potatoes  as  an  average  yield  per  acre, 
we  can  estimate  that  an  acre  will  produce  by  these  crops  no, 
176,  198  gallons  of  alcohol  respectively. 

Besides  these  crops,  alcohol  is  at  the  present  time  and  will 
to  a  greater  extent  in  the  future  be  made  from  by-products  from 
the  factory  and  the  farm.  It  is  stated  that  alcohol  may  be  manu- 
factured now  from  by-products  of  the  sugar  factory  at  a  cost  of 
ten  cents  per  gallon,  yet  this  statement  cannot  be  verified. 

It  is  believed  that  in  time,  owing  to  the  increase  in  the  num- 
ber of  internal  combustion  engines  causing  an  advance  in  the 
cost  of  oil  fuels  and  also  perhaps  to  a  decrease  in  the 
cost  of  alcohol,  the  latter  will  come  into  open  competition  with 
the  former.  Just  how  long  this  will  be  we  do  not  know.  The 
special  designed  engine  will,  however,  be  the  first  to  bring  the 
fuels  in  open  competition.  The  fact  that  alcohol  does  not  have 
an  unpleasant  odor  and  is  more  safe  to  use  will  give  it  a  field  of 
usefulness  where  economy  is  not  of  the  first  consideration. 


THE  RESURVEY  OF  PUBLIC  LANDS. 

G.  W.  Bates,  Atst.  State  Engr.,  Lincoln,  Neb. 

The  early  public  land  surveys  of  Nebraska,  executed  when 
the  greater  part  of  the  state  was  practically  unsettled,  and  was 
the  home  of  many  Indians,  who,  as  the  records  show,  harassed 
the  surveyors  to  a  great  extent,  were  of  a  very  varied  character. 
The  modern  instruments  were  almost  unknown,  and  those  sur- 
veyors who  had  become  accustomed  to  running  all  their  lines 
with  the  needle  compass  were  slow  to  adopt  fully,  in  practice, 
the  solar  attachment  invented  bv  Burt. 

The  use  of  the  compass  however,  is  responsible  for  every 
little  of  the  inaccuracies  found  in  the  older  surveys,  as  it  was 
the  surveyor  who  slighted  the  work  who  has  caused  most  of  the 
trouble  found  in  those  parts  of  the  state  settled  up  at  during 
recent  years.  Those  who  did  their  work  with  good  intentions, 
obtained  results  which,  in  general,  compare  favorably  with 
present  day  practice  and  requirements. 

It  is  a  well  known  fact,  however,  that  some  of  the  surveyors 
did  practically  no  work  at  all,  or  ran  the  lines  and  left  such 
insufficient  monuments  to  mark  their  work,  that  no  trace  of  them 
can  now  be  found.  A  large  part  of  Western  Nebraska  is  sand 
hills,  where  there  are  considerable  areas  without  stone  or  timber, 
and  the  problem  of  securing  corner  materials  of  any  permanence, 
at  a  reasonable  cost  is  now,  and  certainly  was  then,  a  difficult 
one.  In  a  number  of  cases  it  was  stated  in  the  field  notes  that  it 
was  impracticable  to  secure  timber  for  posts,  and  the  corners 
were  therefore  established  by  a  mound  of  earth  with  pits.  Where 
these  mounds  were  well  built,  with  the  pits  large  and  of  good 
shape  it  is  an  easy  matter  to  find  them  at  the  present  time  for 
one  who  is  accustomed  to  the  work,  or  who  endeavors  to  act 
with  an  understanding  of  the  actions  of  the  elements.  It  is  safe 
to  say  that  no  scar  made  on  virgin  soil  will  ever  be  eliminated 
by  nature,  provided  the  entire  surface  is  not  removed  by  washout 
or  drift. 

In  a  resurvey  made  last  season,  in  a  sand  hill  country,  the 
greatest  difficulty  met  with  was  the  procuring  of  suitable  corner 
material.  The  specifications  called  for  posts  of  durable  material 
for  all  township  boundaries,  and  galvanized  gas  pipe  was  used 
for  the  township  cQrners,  with  4  inch  white  oak  posts  for  all 
other  corners.  The  original  lines  were  marked  with  posts  of  red 
cedar,  and  these  were  found  in  many  places  with  the  markings 
still  legible,  after  a  lapse  of  thirty-three  years.  The  Manual  of 
instructions  requires  that  there  shall  be  placed  in  each  corner 
something  of  an  indestructible  nature,  as  brick,  stone,  or  char- 
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coal.  This  was  done  by  making  small  pats  of  i  to  2  cement 
mortar,  moulded  in  muffin  tins,  and  making  a  cross  on  them  when 
soft.     The  sand  used  was  the  natural  soil. 

While  corners  marked  by  a  mound  of  earth  with  pits  will 
remain  in  such  condition  that  they  may  be  found  by  the  sur- 
veyor, it  is  desirable  that  the  corners  be  marked  in  such  a  way 
that  some  part  may  be  plainly  visible  to  anyone.  Wood  of 
my  kind  will  last  only  a  comparatively  short  time,  and  stone 
3r  iron  is  the  only  permanent  visible  mark.  The  price  paid  for 
such  surveys  prohibits  their  use  where  not  found  within  the 
limits  of  the  work.  With  a  small  increase  in  the  rate,  stones 
made  of  cement  could  be  made  and  used  in  the  sand  hill  country. 

In  a  resurvey,  or  attempt  to  locate  the  original  corners 
and  lines  the  first  point  is  to  secure,  if  possible,  evidence  of  the 
original  corners.  The  position  of  the  original  corner  is  the  abso- 
lute mark  of  the  lines  of  government  survey,  and  no  new  corner 
should  be  established  until  every  effort  has  been  made  to  find 
this  corner.  By  measuring  from  known  corners  the  approximate 
position  is  first  obtained,  and  then  search  for  traces  may  be 
made.  *  j 

If  the  corner  is  located  in  good  sand  hill  valley  soil,  with  a 
tough  sod,  or  in  soil  with  more  or  less  clay,  the  mound  will 
be  visible  for  many  years,  and  the  pits  will  sod  over  before 
they  entirely  fill  up,  making  it  an  easy  matter  to  locate  the  corner. 
If  the  .corner  is  located  in  the  sand  hills,  as  most  of  them  will 
be  in  a  sand  hill  country,  where  there  is  no  trace  of  clay  in  the 
soil,  the  mounds  will  be  destroyed  by  the  action  of  winds  and 
rain  until  no  elevation  is  left,  and  the  sand  from  the  mound  will 
be  shifted  back  into  the  pits.  It  then  becomes  a  question  of 
locating  the  position  of  the  pits.  With  a  sharp  spade  the  ground 
should  be  shaved  off,  on  a  plane  parallel  to  the  natural  surface, 
in  layers  not  exceeding  1-2  inch.  If  some  trace  is  not  found  in 
five  inches,  it  is  usually  unnecessary  to  go  deeper,  try  another 
spot.  When  the  soil  is  almost  pure  sand  the  first  trace  found  will 
usually  be  sand  that  is  whiter  than  the  surrounding  soil.  When 
the  first  trace  of  lighter  color  is  noticed,  the  surveyor  should 
go  no  deeper  until  he  has  uncovered  the  entire  outline  of  the  pit, 
and  if  it  is  plain,  as  is  usually  the  case,  he  should  stop  there 
and  not  destroy  any  more  of  the  original  evidence  than  is  abso- 
lutely necessary.  If  the  outline  of  the  pit  is  not  clear  enough  to. 
satisfy  the  surveyor,  he  should  carefully  continue,  and  if  it  is* 
the  pit,  traces  of  ashes  and  decayed  grasses  will  be  found  near 
the  bottom.  These  ashes  from  prairie  fires  are  about  the  best 
evidence  that  can  be  found,  and  as  these  fires  usually  occur  in 
the  fall,  when  the  prevailing  winds  are  from  the  north,  the 
accumulation  will  generally  be  found  much  deeper  in  the  north- 
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erly  sides  of  the  pits.  The  depth  of  these  deposits  will,  of 
course,  depend  on  when  the  first  fire  occurred  after  the  corner 
was  built,  but  such  fires  were  so  frequent  that  there  will  be  one 
or  more  layers  in  each  pit. 

If  the  soil  is  a  yellow  sand,  the  pit  will  be  filled  with  grey 
sand,  if  the  soil  is  a  sandy  clay,  the  pit  outline  will  be  in  yellow- 
ish soil;  and,  in  general,  the  pit  will  show  a  lighter  color  than 
the  surrounding  soil. 

When  the  position  of  the  corner  is  well  within  the  bed  of 
one  of  the  numerous  ponds  which  fill  in  the  spring  and  dry 
up  as  the  season  advances,  the  pit  will  generally  have  been 
washed  full  of  earth,  with  little  if  any  change  of  color  from  the 
original,  but  the  mound  should  be  found  in  fair  condition. 
Probably  the  worst  location  possible  is  on  the  edge  of  a  pond, 
where  the  full  force  of  the  waves  acts,  and  where  it  is  alternately 
wet  and  dry  as  the  seasons  change.  I  have  never  been  able  to 
find  a  corner  in  such  a  location. 

*  If  no  trace  of  the  desired  corner  or  corners  can  be  found, 
recourse  must  be  had  to  the  method  of  proportionate  measure- 
ments, which  is  the  only  legalized  method  of  restoring  a  lost 
corner. 

If  the  missing  corner  is  a  township  corner  or  a  section 
corner  within  the  boundaries  of  a  township,  the  method  is  as 
follows : 

*"A  line  will  first  be  run  connecting  the  nearest  identified 
original  corners  on  the  meridian  line,  north  and  south  of  the 
missing  corner,  and  a  temporary  corner  will  be  placed  at  the 
proper  proportionate  distance.  This  will  determine  the  corner 
in  a  north  and  south  direction  only. 

Next,  the  nearest  original  corners  on  the  latitudinal  lines 
will  be  connected,  and  a  point  thereon  will  be  determined  in  a 
similar  manner." 

The  first  point  should  then  be  moved  east  or  west  as  the 

case  may  be,  until  it  is  directly  north  or  south  of  the  second  point, 
♦Circular  on  lost  or  obliterated  corners,  General  T^and  Office. 

If  the  missing  corner  is  a  ]/\  section  corner,  it  is  to  be  re- 
stored on  the  line  between  the  adjacent  section  corners,  at  a  dis- 
tance from  them  proportionate  to  the  distances  given  in  the  orig- 
inal survey. 

If  the  missing  corner  is  on  a  standard  parallel,  guide  merid- 
ian, or  township  boundary,  it  is  to  be  restored  on  the  tangent 
line  between  the  nearest  corners  both  ways,  and  at  a  distance 
from  them  proportionate  to  the  distances  given  in  the  original 
survey. 

In  any  case  no  attention  need  be  paid  to  the  courses  of  the 
lines  except  as  a  matter  of  record.  They  will,  in  all  probability, 
vary  considerably  from  the  original  compass  courses. 
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As  an  example  of  the  first  case  suppose  the  corner  of  sec- 
tions 7,  8,  17,  and  18,  to  be  missing.  The  nearest  corner  to  the 
south  is  the  corner  of  sections  19,  20,  29,  and  30,  two  miles 
distant.  A  line  is  run  north  from  here  and  the  corner  of  sections 
5,  6,  7,  and  8,  is  found  at  a  distance  of  239.88  chs.  As  these  mer- 
idianal lines  were  given  lengths  of  80.00  chs.  each  by  the  original 
measurement,  the  first  point  will  be  located  159.92  chains  north 
of  the  corner  of  sections  19,  30,  29,  and  30.  Then  a  line  is  run 
we5t  from  the  corner  of  sections  8,  9,  16,  and  17,  and  the  corner  of 
sections  7,  12,  13,  and  18,  on  the  west  boundary  of  the  township 
is  found  at  158.62  chains.  The  length  of  the  line  between 
sections  8  and  17  was  originally  79.84  chains,  and  of  the  line 
between  sections  7  and  18  was  78.20  chains,  a  total  of  158.04 
chains.  Therefore,  by  proportionate  measurements,  tl*e  line 
between  sections  8  and  17  should  be  given  a  length  of  80.13 
chains,  and  the  second  point  will  be  located  80.13  chains  west  of 
the  corner  of  sections  8,  9,  16,  and  17,  which  point  we  find  to 
be  14  links  north  and  17  links  west  of  the  first  point.  The  corner 
will  now  be  restored  17  links  west  of  the  first  point  and  14  links 
south  of  the  second. 

The  same  procedure  would  have  been  used  if  the  nearest 
corner  had  been  a  J4  section  corner.  Similarly  the  corner  of 
sections  17,  18,  19,  and  20,  would  have  been  restored  if  needed. 

In  an  extended  survey  where  it  is  desired  to  restore  all 
missing  corners  in  a  township,  it  will  be  found  best  to  run  the 
meridianal  lines  and  set  temporary  corners  wherever  the  original 
cannot  be  found,  then  to  run  the  latitudinal  lines,  noting  the  inter- 
section with  the  random  meridianal  lines  and  the  offset  to  the 
temporary  corners.  Then  wThen  the  length  of  the  latitudinal  line 
is  determined,  the  proportionate  distances  can  be  computed,  and 
the  proper  corrections  for  the  temporary  corner  or  corners 
found. 

So  long  as  the  title  to  all  lands  the  position  of  which  may  be 
affected  by  the  location  of  any  corner,  remains  with  the  United 
States,  the  General  Land  Office  has  the  power  to  change  the 
location  of  that  corner  if  there  are  good  reasons  for  the  change, 
but  when  a  deed  has  been  given  for  any  tract  the  United  States 
no  longer  has  authority  to  order  changes  of  corners  which 
govern  its  boundaries. 

When  it  has  been  decided  to  resurvey  any  tract  of  land, 
where  there  are  sufficient  original  corners  still  in  existence  to 
enable  the  surveyor  to  restore  the  missing  ones,  the  claims  of 
landowners  are  fully  protected  by  the  methods  of  restoring  cor- 
ners outlined  above.  The  patents  issued  by  the  Land  Office 
contain  the  description  of  the  land  followed  by  the  words, 
"According  to  the  notes  and  plats  of  the  original  survey."  The 
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restoration  by  proportionate  measurements  locates  any  corner  in 
its  original  position  as  closely  as  it  could  be  done  by  anyone 
but  the  original  surveyor,  retracing  his  own  steps.  Doubtfal 
some  of  the  older  surveys  were  not  executed  in  exactly  -the 
manner  shown  in  the  notes,  but  if  the  lines  were  measured  at -*H 
they  can  be  proportionately  restored. 

When,  however,  it  is  found  that  there  are  no  original  corpefl 
in  a  township,  the  rights  of  the  owners  of  patented  land  mail 
be  respected.  If  the  regular  methods  of  subdivision  of  a  town- 
ship are  followed  out,  and  it  is  found  that  the  lines  so  established 
do  not  agree  with  the  lines  which  the  settlers  have  believed 
to  be  the  proper  boundaries  of  their  tracts,  they  may  be  deeotfted 
to  have  acquired  rights  to  the  land  they  have  occupied.  If  the 
new  survey  is  satisfactory  to  them,  and  to  each  of  them,  tbejl 
move  their  lines  to  agree  with  it.  Rut  if  not  they  can  have  thdl 
lands  laid  out  by  special  lines  called  "Claim  lines."  Tf  more 
than  one  party  lays  claim  to  any  parcel  of  land,  the  sunrey 
of  both  claim  lines  would  cause  an  overlapping,  and  consequent 
trouble.  While  such  a  case  is  strictly  a  matter  for  the  courts  to 
decide,  it  is  the  privilege  of  the  surveyor  to  endeavor  to  adjust 
the  matter  in  a  way  that  will  satisfy  all  parties,  and  so  enable  the 
survey  to  be  completed. 

Where  there  are  no  original  corners  to  be  found  in  a  town- 
ship the  regular  methods  of  survey  must  be  followed,  and  the 
introduction  of  claim  lines  should  be  avoided  if  possible  as  thej 
cut  the  remaining  parcels  of  land,  and  introduce  fractional  lot* 
and  irregular  tracts.  As  such  cases  are  liable  to  occur,  it -would 
seem  best  to  have  all  such  work  done  by  regular  agents  of  th< 
General  Land  Office,  working  on  salary  instead  of  by  contract" 
ors  as  is  the  present  custom.  The  contractor  who  is  working  al 
so  much  per  mile  run,  does  not  feel  justified  in  giving  days  tc 
the  adjustment  of  some  matter  that  will  bring  him  in  no  return, 
and  yet  may  be  vitally  necessary  to  the  best  interests  of  all 
concerned. 


tiii 


» 


.  -t 


■ .  . 


tf   .iu.'-i" I --«■**- 


I 
I 


/ 


THE  PROPOSED  MECHANICAL  ENGINEERING 

BUILDING. 


By  Prof.  C.  R.  Richards. 


The  writer  has  somewhat  reluctantly  complied  with  the 
request  of  the  Editor-in-Chief  of  the  "Blue  Print"  for  a  descrip- 
tion of  the  proposed  mechanical  engineering  building,  recently 
authorized  by  the  Board  of  Regents  of  the  University,  for  as  yet 
the  plans  for  this  building  are  not  definitely  formulated  and  the 
contemplated  floor  plans  herewith  given,  which  were  prepared 
two  or  three  years  ago,  may  be  materially  changed  upon  further 
study.  However,  in  a  general  way,  these  plans  will  give  an  idea 
of  the  dimensions  of  the  building,  with  the  arrangement  of  rooms 
which  now  seems  most  desirable. 

An  examination  of  the  contemplated  floor  plans  of  the 
building  will  show  that  it  is  to  be  used  almost  exclusively  for 
laboratory  purposes.  The  front  part  of  the  building  will  be  two 
stories  in  height,  with  a  basement  for  the  ventilating  machinery 
and  the  steam  piping.  The  first  floor  of  the  main  portion  of  the 
building  will  contain  the  machine  shop,  the  steam  and  gas  engine 
and  hydraulic  laboratory,  and  a  large  tool  room  to  be  used  in 
common  by  all  of  the  shops  and  laboratories.  Extending  to  the 
rear  of  the  main  portion  of  the  building  are  a  series  of  one  story 
rooms  with  monitor  roofs  for  the  foundry,  the  foundry  annex, 
the  forge  shop  and  the  toilet  and  locker  room. 

The  second  floor  of  the  front  part  of  the  building  will  con- 
tain the  wood  shop,  the  lumber  storage  room,  a  pattern  storage 
room,  a  large  lecture  and  assembly  room,  the  fuels  and  friction 
laboratory,  which  for  the  present  at  least,  will  be  used  as  a 
lecture  room  for  the  Professor  of  Mechanical  Engineering,  and 
a  drawing  room. 

In  the  design  of  the  building  particular  attention  will  be  paid 
to  the  lighting  of  the  various  shops  and  laboratories,  a  large 
area  of  window  space  wil  be  provided,  together  with  an  efficient 
system  of  electric  lighting  for  dark  days  and  for  night  work. 
It  is  expected  that  the  building  will  be  heated  by  direct  radiation 
and  ventilated  mechanically. 

While  some  of  the  details  of  the  equipment  of  the  building 
have  already  been  partially  worked  out,  it  is  undesirable  to 
attempt  to  give  a  description  now.  This  outline  will  serve, 
however,  to  show  that  the  projected  building  will  provide  large, 
well  lighted,  well  ventilated  and  attractive  quarters  for  the  work 
of  the  department. 


ENGINEERING  SOCIETY  NOTES. 

What  The  Engineering  Society  is  Doing. 


The  Engineering  society  was  organized  Nov.  27,  1900.  Its 
purpose  is  to  promote  engineering  research,  to  draw  the  en- 
gineering students  into  closer  fellowship,  to  give  the  engineering 
departments  of  the  university  of  Nebraska  more  prominence, 
and  to  provide  from  time  to  time  pleasing  and  instructive  enter- 
tainments  for  the  public. 

The  present  year  has  been  one  of  the  most  successful  years 
in  the  history  of  the  society  and  the  society  boasts  of  a  larger 
membership  than  ever  before.  During  the  present  year  it  has 
drawn  many  members  from  the  under  class  men  and  they  are 
taking  an  active  interest  in  the  society  which  speaks  well  for  its 
future. 

The  first  meeting  was  held  Oct.  10,  1906  and  the  following 
officers   were   elected : 

President  L.  K.  Needham ;  Vice-Pres.,  A.  G.  Schrieber; 
Corresponding  Secretary,  C.  E.  Mickey;  Recording  Secretary, 
O.  N.  Munn;  Treasurer,  O.  L.  Phillips. 

On  Feb.  12,  1907,  C.  G.  Hrubeskey  was  elected  Recording 
Secretarv  to  succeed  O.  N.  Munn.  The  societv  has  entertained 
the  engineering  students  at  two  smokers  which  were  excep- 
tionally well  attended.  In  addition  the  annual  banquet  will  be 
held  the  latter  part  of  April. 

Among  the  speakers  who  have  addressed  the  society  at  the 
regular  meetings  during  the  year  are  Prof.  G  R.  Chatburn,  a 
lantern  lecture  on  "The  San  Francisco  Earthquake  and  its  Les- 
sons to  Builders,"  Prof.  O.  V.  P.  Stout  on  'The  Engineer  as  a 
Leader  in  Industrial  Pursuits,"  Mr.  A.  R.  Swoboda  on  "The 
Engineer's  Goal,"  Mr.  N.  A.  Kemmish  on  "District  Heating." 
This  article  appears  in  the  current  number  of  the  Blue  Print, 
Mr.  O.  J.  Fee  on  "The  Problems  of  a  Superintendent,"  Mr.  T. 
B.  Sears  on  "The  New  Burlington  Switching  Yard." 

On  April  15  Mr.  Walter  B.  Snow  of  the  B.  F.  Sturtevant 
Co.  of  Boston,  Mass.,  addressed  the  students  upon  the  "Develop- 
ment of  a  Manufacturing  Plant."  Mr.  Snow  is  a  pleasing 
speaker,  an  author  of  note  and  an  engineer  of  acknowledged 
ability.  He  recently  completed  the  erection  and  equipment  of 
the  new  plant  of  the  B.  F.  Sturtevant  Co. 

The  program  committee  are  in  correspondence  with  a  num- 
ber of  other  outside  men  whom  they  hope  to  have  here  this 
spring.  They  have  arranged  to  have  an  address  from  Prof  Wm. 
Kent,  Dean  of  the  College  of  Engineering  of  Syracuse  Uni- 
versity. 
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NOTE. — The  following  is  a  complete  list  of  the  graduates  of  the 

University   in    Engineering   courses.     There    are    included    a   certain 

number  of  graduates  from  other  departments  who  took  engineering 

pursuits  after  graduation;  also  some  students  who  left  school  before 

graduating  and  are  now  engaged  in  engineering  work.    The  addresses 

given  are  believed  to  be  correct  to  date,  March,  1907.    The  editors  will 

be  pleased  to  receive  any  corrections  or  additions  to  be  filed  for  the 

use  of  their  successors. 

Abel,  G.  P.,  B.  Sc.  C.  E.  '06.    Lincoln,  Neb.,  Eng.  Dept.  C.  B.  &  Q.  R.  R. 

Akerlund,  P.  R.  B.  He,  M.  E.  '06.     Valley,  Neb. 

Albers,  Juergen,  B.  Sc,  C.  E.,  '93. 

Anderson,  C.  E.  B.  Sc,  E.  E.  '98.    Craig,  Neb. 

Anderson,  E.  E.,  B.  Sc,  C.  E.  '05.  Lincoln,  Neb.,  Ass't.  Supt.  of  Con- 
struction, University  of  Neb. 

Andrew,  J.  W.,  Holdredge,  Neb.    Motive  Power  Dept.,  C.  B.  &  Q.  R.  R. 

Arnold,  B.  J.,  E.  E.,  '97.  Chicago,  111.  Pres.  of  Arnold  Elec  Power 
Station  Co. 

Bailey,  B.  P.,  '93.     Okmulgee,  Okla.,  Electrician. 

Barks,  F.  S.,  '02.    Omaha,  Neb.,  M.  E.  Dept.  U.  P.  R.  R. 

Barkley,  J.  A.,  B.  Sc,  E.  E.,  '92.  Port  Elizabeth  Cape  Colony,  So. 
Africa. 

Bates,  G.  W.,  B.  Sc,  C.  E.,  '05.    Lincoln,  Neb.,  Asst.  State  Engineer. 

Bay,  Burt,  B.  Sc,  E.  E.,  '06.  Phila.  Penn.  Sales  Eng.  Westinghouse 
Mfg.  Co. 

Beardslee,  C.  O.  Lincoln,  Neb.,  Beardslee,  Eng.  and  Construction  Co. 

Bedell,  C.  E.,  B.  Sc,  E.  E.  '00.  Pittsburg,  Pa.  Designing  Eng.  West- 
inghouse Mfg.  Co. 

Belknap,  L.  J.,  B.  Sc.  E.  E.,  '98.  St.  Louis,  Mo.,  Sales  Eng.  Wagner 
Elec.  Co. 

Benedict,-  B.  W.,  B.  Sc  M.  E.,  '91.  Chicago,  111.,  Editor  of  "Railway 
Master  Mechanics." 

Benjamin,  W,  E.,  B.  Sc,  C.  E.,  '96.    Cheyenne,  Wyo.  Deputy  Co.  Clerk. 

Bessey,  E.  A.,  B.  Sc,  E.  E.,  '98.  Pittsfleld,  Mass.,  Expert  Electrician 
Stanley  Elec.  Co. 

Bessey,  C.  A.,  B.  Sc,  E.  E.,  '99.     Chicago,  111.,  Sargent  and  Tundie. 

Biggerstaff,  C.  D.,  Kansas  City,  Mo.,  Draftsman  K.  C.  S.  Ry. 

Bixby,  J.  E.  B.  Sc,  E.  E.  '01.  Denver,  Colo.  Telephone  Dept.  Western 
Electrical  Co. 

Bliss,  E.  F.,  B.  Sc,  E.  E.,  '02.     Schnectady.  N.  Y.  General  Elec.  Co. 

Bliss,  C.  V.,  B.  Sc,  E.  E.,  '04.     Omaha,  Neb.  Elec  Dept.  U.  P.  Ry. 

Bolles,  C.  M.,  B.  Sc.  E.  E.,  '06.    Chicago,  111.  Western  Elec.  Co. 

Bowlby,  H.  L.,  B.  Sc.  C.  E.,  '05.  Seattle,  Wash.  Instructor  in  C.  E. 
University  of  Washington. 
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Brigham,  E.  W.,  B.  Sc,  E.  E.,  '06.    Schenectady,  N.  Y.  General  Elec.  Co. 

Brook,  I.  E.,  B.  Sc,  E.  E.,  Chicako,  111.  Arnold  Elec.  Power  Station  Co. 

Brooke,  W\  E.,  B.  Sc,  C.  E.,  '92.     Minneapolis,  Minn.  Uni.  of  Minn. 

Brooks,  G.  W.,  B.  Sc,  E.  E..  '02.    Schenectady  N.  Y.  General  Elec.  Co. 

Brown,  A.,  B.  Sc,  '03.     Aurora,  Neb. 

Brown,  G.  F.,  B.  Sc,  '04.    Schenectady,  N.  Y.  General  Elec.  Co. 

Brockway,  P.  S.,  B.  Sc,  C.  E.  '05.     Topeka,  Kas.  C.  R.  I.  &  P.  R.  R. 

Brockett,  E.  E.,  B.  Sc,  E.  E.,  '01. 

Bruce,  J.  A.,  B.  Sc,  '03.     Eng.  Dept.  U.  P.  Ry. 

Buckley,  N.  E.,  B.  Sc,  '03.    Curtis,  Neb.,  Roadmaster  C.  B.  &  Q.  R.  R. 

Buckstaff,   F.   B.,   B.    Sc,    '03.     Chicago,    111.,   Estimator,   Henry   Pratt 
Boiler  and  Machine  Co. 

Burkey,  C.  R.,  B.  Sc,  C.  E.,  '06.    Lincoln,  Neb.  Eng.  Dept.  C.  B.  &  Q.  Ry. 

Burr,  F.  D.,  B.  Sc,  E.  E.,  '02.     Hawserlake,  Mont. 

Campbell,  S.  C,  B.  Sc,  M.  E.,  '02.     Rockhill,  S.  C,  Manufacturer  of 
Artificial  Ice. 

Carter,   A.   EL,   B.   Sc,   C.    E.,   '04.     C.    E.f    '04.     Columbia   University, 
N.   Y.   City,   East   River   Tunnel. 

Charles,  E.  D.,  Wisner,  Neb.    City  Electrician. 

Chase,   L.   W!.,   B.   Sc,   M.    E.,    '04.     Lincoln,   Neb.,   Asst.    Prof.    Farm 
Mechanics,  State  Agricultural  School. 

Chessington,  J.  B.,  '04.     Thermopolis,  Wyo.,  Engineer. 
Cfiristensen,  W.,  '00.     Utah,  Mercur  Mining  Co. 

Clinton.  S.  D.,  B.  Sc,  C.  E.,  '02.     Eng.  Dept.  Tidewater  R.  R. 
Cole,  C.  L.,  B.  Sc,  M.  E.,  '06.     Milwaukee,  Allls-Chalmers  Go. 
Collet,  A.  J.,  B.  Sc,  M.  E.,  '00.     Omaha,  Neb.,  Chief  Electricial   En- 
gineer, U.   P.   Ry. 
Cornell,  C.  B.,  B.  Sc,  E.  E.,  *04. 
Cortelyou,  S.  V.,  B.  Sc,  C.  E.t  '02.     San  Fernando,  Pamp.  P.  I.  District 

Engineer    Fourth    District. 
Cbstelloe,  M.  F.  P.,  B.  Sc,  C.  E.,  '06.    Mena,  Ark.,  Eng.  Dept.  K.  C.  S.  R. 
Corr.  Ray,  B.  Sc,  M.  E.,  '04.     Indianapolis.  Ind.,  Atlas  Engine  Works. 
Crane,  C.  O.,  B.  Sc,  E.  E.,  Chicago,  111.,  Arnold  Elec  Power  Station  Co. 
Crook,  Z.  E.,  B.  Sc,  E.  E.,  '97.     Faribault,  Minn.,  Resident  Engineer 

C.  M.  &  St.  P.  R.  R. 
Cushman,  C.  R.,  B.  Sc,  E.  E.,  '02.    Lincoln,  Neb.,  Cushman  Motor  Co. 
Cutshall,  L.   A..   B.   Sc,   E.   E.,   '05.     El   Paso,   Texas,   Southern   Inde- 
pendent Telephone  Co. 
Davis,  C.  L.,  B.  Sc,  E.  E.,  '06.     Pittsburg,  Pa.,  Westinghouse  Mfg.  Co. 
Davis,   E.  O.,  B.  Sc,  C.   E.   '05. 
Davis,  T.  B.,  B.  Sc,  M.  E.  '06.     Columbus,  Ohio. 

Davidson.  J.  B.,  B.  Sc,  M.  E.,  '04.     Ames,  Iowa,  Professor  of  Agricul- 
tural   Engineering   at    Iowa   State   College. 
Day,  W.  F.,  B.  Sc,  C.  E.,  '06.     Scottsbluff,  Neb.,  Tristate  Land  Co. 
Dobson,   Frank,   Lincoln,  Neb.,  Contractor. 

Dormann,  F.  B.,  B.  Sc.  M.  E.,  '01.    Denver,  Colo.,  American  Bridge  Co. 
Donbrava,  H.  W.,  B.  Sc,  E.  E.,  '97.  New  York  City,  Wlagner  Elec.  Oo. 
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Doubt,  R.  A.,  B.  Sc.,  E.  E.,  '01.     New  York  City,  Western  Elec.  Co. 

Dumont,  R.  E.,  B.  Sc,  C.  E.,  '06.    Omaha,  Neb.,  C.  &  N.  W<.  Ry. 

Eagleson,  E.  G.,  B.  Sc,  C.  E.,  '89.     Boise,  Idaho,  Suveyor  General. 

Eccles,  W.  R.,  B.  Sc,  C.  E.,  '06.    Mena,  Ark.,  Eng.  Dept.  K.  C.  S.  Ry. 

Edwards,  H.  R.,  B.  Sc,  C.  E.,  '04.    Los  Angeles,  Cal. 

Elson,  W.  D.,  Cleveland,  Ohio,  Western  Elec.  Co. 

Elson,  T.  H.,  '03.    Kearney,  Neb. 

Engel,  C.  W.,  B.  Sc,  C.  E.,  '03.    Omaha,  Neb.,  C.  &  N.  W.  R.  R. 

Evans,  H.  S.f  E.  E.,  '98.     Boulder,  Col.,  Prof.  E.  E.  in  University  of 
Colorado. 

Everett,  C.  C  Eureka,  Utah,  Supt.  W.  S.  Mining  Co. 

Fairman,  F.  F.,  B.  Sc,  E.  E.,  '06.    Chicago,  111.,  Western  Elec.  Co. 

Farnsworth,   G.   E.,   B.    Sc.   C.    E.,   '04.     Hooper,   Wash.,   Draftsman, 
North  Coast  Ry. 

Ferguson,  O.  J.,  B.   Sc.,  E.   E.,   '03.     Schenectady,   N.   Y.,  Prof  E.  E. 
Union   College. 

Forbes,  B.  E.,  A.   B.,  !95.     Fort  Laramie,  Wyo.,  Engineer  U.  S.  Re- 
clamation  Service. 

Friedman,  S.,  B.  Sc,  C.  E.,  '06.    Omaha,  Neb.,  Koenig  and  Collins. 

Fritts,  C.  B.,  B.  Ss.,  E.  E.,  '96.    Kansas  City,  Mo.,  Metropolitan  Street 
Ry.  Co. 

Garringer,  A.  B.,  B.  Sc,  E.  E.,  '00.    New  York  City,  N.  Y.  Telephone  Co. 

Geer,  H.  B.f  B.  Sc,  E.  E.,  '05.    Los  Angeles,  Cal.,  Los  Angeles  R.  R.  Co. 

Gibbs,  J.   B.,   B.   Sc,   E.   E.,   '05.     A^nville,   N.   C. 

Grant,  Wm.\  B.  Sc,  C.  E.,  '97.     Lincoln.  Neb..  City  Engineer. 

Green,    J.    A.,    '04.     Scottsbluff,    Neb.,    Chief   Eng.    Tristate   Land   Co. 

Green,  Wm.,  '98.     Kansas  City,  Mo..  K.  C.  Telephone  Co. 

Griggs,  C.  EX,  E.  E.,   '97.     Utah,  Mining  Engineer. 

Gutleben,  D.  B..  '00.    Cleveland,  0.,  American  Sugar  Mach.  Co. 

Hagenow,   Chas,    B.    Sc,    E.    E.,    '00.      Houghton,    Mech.    Mathematics 
Instructor,   Michigan   School   of   Mines. 

Hagensick,  E.  H.,  B.  Sc,  E.  E.,  '06.  Omaha.  Neb.,  Elec.  Dept.  U.  P.  Ry. 

Hall,  D.  C,  *98.     New  York  City,  Electrician  Navy  Yard. 

Hamilton,  W.  G.,  B.  Sc,  E.  E.,  '06.    Pittsburg,  Pa.,  Westinghouse  Mfg. 
Company. 

Harvey,  A.  L.,  B.  Sc,  E.  E.,  '06.    Pittsburg,  Pa.,  Westinghouse  Mfg.  Co. 

Harris,  R.  S.,  B.  Sc,  C.  E.,  '04.    Omaha,  Neb.,  Pres.  Western  Contrac- 
tors' Supply  Co. 

Hartzell,    Walter,    B.    Sc,    E.    E.,    '05.     Pittsburg,    Pa.,    Westinghouse 
Mfg.  Co. 

Hawksworth,  D.  W.,  B.  Sc,  E.  E.,  '97.    Detroil,  Mich ,  Manager  Amer- 
ican Car  and  Foundry  Co. 
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Hedge,  Verne,  A.  B.,  B.  Sc,  C.  E.,  '03.     Lincoln,  Neb.,  Manager  Por- 
ter Hedge  Abstract  Co. 
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Hyde,  M.  A.,  B.  Sc,  E.   E.,  '98.     Lincoln,  Neb. 

Jeffrey,  E.  O.,  B.  Sc,  E.  E.,  '00.    Los  Angeles,  Cal. 

Johnson,  C.  A.,  B.  Sc,  E.  E.,  '06.  Pittsburg,  Pa.,  Westinghouse  Mfg. 
Company. 

Jones,  J.  C.    96.     Salt  Lake  City,  Utah,  Westinghouse  Mfg.  Co. 

Jorgenson.  H.  W.,  B.  Sc,  C.  E.,  '97.     Arizona  Mining  Co. 

Jay.  G.  A.,  '01.    Chicago,  111..  Supt.  Kellog  Switchboard  and  Supply  Co. 
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Kendall,  H.  C,  B.  Sc,  E.  E.,  '02.    Milwaukee,  Wis.,  Allis-Chalmers  Co. 

Kemmish,  N.  A.,  B.  Sc,  M.  E.,  '04.  Lincoln,  Neb.,  Lincoln  Traction  Co. 
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THE  MANUFACTURE  OF  ICE. 

BY  S.   C.   CAMPBELL,   '62. 

In  mechanical  refrigeration  where  ammonia  is  employed  as  the 
refrigerant  two  systems  are  used.  They  are  called  the  absorption 
and  the  compression  systems.  The  absorption  system  was  one 
of  the  earliest  methods  used  and  the  first  machine  was  brought 
out  about  fifty  years  ago.  The  first  machines  were  very  crude, 
very  expensive  to  operate  and  could  only  be  operated  intermit- 
tently. Some  improvements  were  made,  machines  were  built  to 
operate  continuously,  but  were  very  unsuccessful.  The  coils  of 
pipes  were  subject  to  excessive  corrosion,  and  were  difficult  to 
repair.  A  dry  gas  could  not  be  obtained  and  such  plants  were 
no  end  of  trouble  to  engineers.  The  trade  became  prejudiced 
against  the  machine  and  but  few  were  built.  Just  within  a  few 
recent  years  the  absorption  machine  has  been  greatly  improved 
and  on  the  market  today  can  be  found  a  machine  of  this  type 
of  the  highest  efficiency  and  at  the  same  time  simple  in  opera- 
tion. 

In  rating  refrigerating  machines  of  all  kinds,  the  standard 
unit  used  is  based  upon  the  cooling  effect  produced  by  the  melt- 
ing of  one  ton  of  ice  in  twenty-four  hours.  The  latent  heat  of 
fusion  of  ice  is  142  B.  T.  U.,  and  to  convert  one  pound  of  water 
at  32  degrees  into  ice  at  32  degrees,  142  B.  T.  U.  must  be  ab- 
stracted. Consequently  we  have  142  X  2000  =  284000  B.  T.  U., 
which  is  termed  one  ton  refrigerating  capacity  and  is  the  stand- 
ard unit. 

In  the  manufacture  of  ice  from  water  at  80  degrees  more  heat 
must  be  removed  or  80  —  32  -f-  142=  190  heat  units  per  pound 
before*  the  water  is  completely  frozen.  After  freezing,  the  tem- 
perature of  the  ice  is  reduced  to  that  of  the  brine,  which  is  usually 
about  12  degrees.  The  specific  heat  of  ice  being  about  one-half 
that  of  water  we  have  10  B.  T.  U.  more  to  be  abstracted  or  a 
total  of  200  B.  T.  U.  per  pound  of  water.  The  refrigerating 
machine  must  therefore  remove  200  X  2000  =  400,000  B.  T.  U. 
to  produce  one  ton  of  ice.  Theoretically  therefore  we  must  ab- 
stract an  amount  equal  to  about  one  and  one-half  tons  of  re- 
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frigerating  effect.  However,  considerably  more  heat  has  to  be 
removed  due  to  radiation,  exposure,  and  meltage  in  removing  ice 
from  the  cans  and  in  practice  it  is  assumed  that  one  ton  of  ice- 
making  is  equal  to  two  tons  of  refrigeration. 

The  working  of  the  absorption  machine  is  based  upon  the  great 
affinity  of  water  for  ammonia  gas.  At  a  temperature  of  60  de- 
grees one  part  of  water  will  absorb  about  700  parts  of  ammonia 
gas.  The  refrigerating  agent  used  is  a  solution  of  30  per  cent  of 
anhydrous  ammonia  to  70  per  cent  of  distilled  water  and  is  com- 
mercially called  aqua  ammonina.  This  liquid  is  transported  in 
large  iron  drums  from  which  it  is  pumped  into  the  generator  or 
ammonia  boiler  as  it  is  sometimes  called,  until  the  system  is  fullv 
charged.  Steam  is  applied  to  the  coils  in  the  generator  and  the 
ammonia  gas  is  driven  off  at  a  pressure  of  from  120  to  200 
pounds  depending  upon  the  temperature  of  the  water  used  for 
condensing  purposes.  This  ammonia  gas  is  called  anhydrous  am- 
monia and  after  condensation  is  a  colorless  liquid  having  a  spe- 
cific gravity  of  .623.  In  this  liquid  state  it  is  ready  for  use  in  the 
expansion  coils.  The  flow  into  these  coils  is  regulated  by  a  spe- 
cially constructed  expansion  valve.  The  pressure  in  the  coils 
being  from  5  to  15  pounds  gage  the  anhydrous  ammonia  quickly 
evaporates.  The  latent  heat,  required  for  this  evaporation  being 
taken  from  the  surrounding  material,  produces  intense  cold.  The 
boiling  point  of  ammonia  at  15.67  pounds  gage  is  zero.  The 
ammonia  gas  after  evaporation  passes  rapidly  thru  the  coils  into 
the  absorber  forming  a  rich  liquid  which  is  pumped  to  the  gen- 
erator. The  weak  liquid  in  the  generator  is  conducted  thru  an 
exchanger  where  it  imparts  heat  to  the  rich  liquid  on  its  way  to 
the  generator,  and,  after  passing  thru  a  cooler,  flows  to  the  ab- 
sorber. This  flow  is  regulated  by  some  automatic  device  and 
completes  the  cycle  of  the  liquid. 

The  following  is  a  description  of  the  absorption  machine  built 
by  the  Henry  Vogt  Machine  Co.  The  Ammonia  Generator  is 
built  up  of  two  or  more  horizontal  cylinders  bolted  to  a  main 
casting  on  top  of  which  is  mounted  another  cylinder.  The  hor- 
izontal cylinders  contain  the  evaporating  coils  of  extra  heavy 
pipe.  These  pipes  are  screwed  into  a  heater  at  one  end  and  at 
the  outer  end  are  expanded  into  a  casting  which  also  serves  as  a 
head  for  the  cylinder.  An  outer  casing  provides  the  steam  con- 
nection which  can  readily  be  removed  for  inspecting  the  tubes 
and  detecting  leaks.     This  construction  makes  the  matter  of  re- 
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pairing  the  coil  comparatively  easy.    The  amount  of  evaporating 
surface  depends  upon  the  steam  pressure  carried  in  the  coils. 

The  vertical  cylinder  is  called  the  analyzer  and  contains  a 
series  of  large  and  small  perforated  pans  over  which  the  rich 
liquor  falls  on  its  way  to  the  evaporating  cylinders.  The  entire 
generator  is  built  of  cast  iron  and  is  tested  at  a  pressume  of  300 
pounds. 

The  rectifier  is  a  cylinder  containing  a  coil  of  straight  tubes 
thru  which  the  comparatively  cool  rich  liquid  passes  on  its  way 
to  the  generator.  The  gas  on  its  way  to  the  condensers  passes 
around  these  tubes.  The  function  of  the  rectifier  is  to  cool  the 
gas  and  condense  any  watery  vapors  that  may  be  held  in  suspen- 
sion, thus  delivering  a  dry  gas  to  the  condensers.  The  rectifier 
is  placed  adjacent  to  the  generator  and  is  provided  with  a  drain 
to  the  same. 

The  condensers  for  ammonia  gas  may  be  submerged,  atmos- 
pheric or  double  pipe.  The  first  type,  as  the  name  indicates,  con- 
sists of  coils  entirely  submerged  in  a  tank  of  water.  The  cooling 
water  enters  at  the  bottom  of  the  tank  and  overflows  at  the  top 
while  the  ammonia  gas  enters  at  the  top  and  the  ammonia  liquid 
is  led  from  the  bottom  to  the  receiver. 

The  atmospheric  condenser  is  built  in  a  zigzag  pattern  of 
continuous  pipe  connected  by  a  vertical  header  at  each  end  or 
by  using  straight  pipes  with  return  bends  making  a  vertical  coil. 
The  cooling  water  trickles  over  the  pipes  and  considerable  heat 
is  carried  away  by  the  atmosphere.  Where  water  containing  salt 
or  scale  forming  material  is  used  the  coils  soon  become  coated 
with  scale  and  are  subject  to  excessive  corrosion  at  the  ends 
where  the  supply  of  water  may  not  at  all  times  cover  them. 

'The  double  pipe  condenser  is  built  of  two  concentric  pipes. 
The  water  flows  thru  the  inner  pipe  and  the  gas  passes  thru  the 
annular  space.  Access  is  easily  had  to  the  water  pipes  and  one 
condenser  may  be  cut  out,  cleaned  and  repaired  without  disturb- 
ing the  ammonia  connections.  The  water  pipes  are  fixed  at  one 
end  and  pass  thru  stuffing  boxes  at  the  other  to  allow  for  ex- 
pansion. The  double  pipe  type  is  the  most  economical  in  the 
use  of  water  and  is  the  most  convenient  to  use  as  it  may  be 
placed  within  the  building.  However,  condensers  should  always 
be  placed  where  there  is  a  good  circulation  of  air.  The  size  of 
condenser  depends  entirely  upon  the  temperature  of  the  water 
sipply. 
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In  applying  refrigeration  either  the  direct  expansion  system 
or  the  brine  system  may  be  used.  In  the  direct  expansion  sys- 
tem the  liquid  ammonia  is  piped  to  the  rooms  to  be  cooled  and 
there  expanded  in  coils,  directly  taking  up  the  heat.  In  the  brine 
system  a  transfer  medium  consisting  of  some  solution,  having  a 
low  freezing  point,  is  used.  This  solution  is  first  cooled  to  the 
desired  temperature  and  then  circulated  thru  the  rooms.  In  the 
manufacture  of  can  ice,  it  is  necessary  to  use  a  transfer  medium 
and  a  tank  must  be  provided  for  this  solution.  This  tank  is 
built  of  one-quarter  inch  steel  and  is  made  of  sufficient  size  to 
accommodate  the. required  number  of  cans  for  a  given  capacity. 

The  cans  are  made  of  galvanized  iron  No.  16  sides  and  No. 
14  bottoms  with  an  iron  band  at  the  top.  The  regular  300-pound 
can  is  u"X  22"X  44".  Eight  cans  are  allowed  per  ton  and  the 
freezing  process  is  completed  in  from  forty-eight  to  fifty-four 
hours. 

The  expansion  coils  are  placed  in  the  tank  so  that  they  will 
be  as  close  as  possible  to  the  sides  of  the  cans  which  are  placed 
as  close  endwise  as  the  frame  work  of  the  cover  of  the  tank  will 
allow.  Each  coil  is  made  of  one  continuous  welded  length  of 
ij4  inch  extra  heavy  pipe.  One  expansion  valve  is  used  which 
regulates  the  flow  of  ammonia.  The  ammonia  gas  enters  at  the 
top  of  the  coils,  passes  thru  them  and  from  the  lower  manifold  to 
the  absorber. 

The  absorber  is  of  the  vertical  type.  The  shell  is  made  of 
heavy  boiler  plate  and  the  tubes  of  extra  heavy  charcoal  iron  tub- 
ing. The  water  enters  at  the  bottom  passes  up  thru  the  tubes 
and  overflows  at  the  top.  The  ammonia  gas  from  the  expansion 
coils  enters  at  the  top  and  is  distributed  thru  the  absorber  by  a 
perforated  pipe  which  extends  almost  to  the  bottom.  The  weak 
liquid  from  the  generator  enters  at  the  top  and  the  pump  suction 
is  near  the  bottom. 

The  ammonia  pump  is  of  the  fly  wheel  type  and  designed  to 
run  from  twenty-four  to  thirty  revolutions  per  minute.  This 
pump  takes  the  liquid  from  the  absorber  at  the  lower  pressure 
and  forces  it  into  the  generator  at  the  higher  pressure.  The 
ammonia  cylinder  is  directly  behind  the  steam  cylinder  and  an 
intervening  water  chamber  which  surrounds  the  ammonia  stuffing 
box  acts  as  a  lubricator  and  prevents  leakage. 

The  rich  liquid  on  its  way  from  the  pump  to  the  generator 
passes  thru  the  rectifier,  explained  above,  and  also  thru  an  ex- 
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changer  which  is  similar  in  construction  to  a  double  pipe  con- 
denser. The  rich  liquid  enters  the  inside  pipe  at  the  bottom  of 
the  coil  and  coming  from  the  top  passes  directly  to  the  analyzer 
of  the  generator.  The  weak  liquid  from  the  generator  enters 
the  annular  space  at  the  top  of  the  exchanger,  passes  thru  the 
coil,  imparting  heat  to  the  rich  liquid,  into  a  weak  liquid  cooler 
which  is  identical  in  construction  with  the  double  pipe  ammonia 
condensers  and  thence  thru  the  regulating  valve  into  the  ab- 
sorber. 

In  the  operation  of  the  machine  the  best  results  are  obtained 
with  the  lowest  steam  pressure  possible  on  the  generator,  the 
richest  liquor  possible,  and  the  lowest  pressure  possible  in  the 
absorber.  The  last  is  necessary  where  low  temperatures  are  car- 
ried. By  refering  to  tables  of  properties  of  saturated  ammonia 
we  find  the  boiling  point  at  15.67  pounds  gage  to  be  zero,  at  9.1 
pounds,  — 10  degrees  and  at  6.29  pounds,  — 15  degrees  with  the 
latent  heats  555.5,  561.16  and  564.6  respectively.  The  lower 
temperature  enables  a  much  more  rapid  transfer  of  heat. 

The  ammonia  passing  to  the  coils  must  be  pure  and  dry  as 
the  boiling  point  is  affected  to  a  great  extent  by  impurities  and 
the  efficiency  lowered.  One  per  cent  of  water  entrained  in  am- 
monia will  lower  the  economy  of  the  machine  3  or  4  per  cent. 
Hence  the  necessity  for  having  an  efficient  rectifier  or  dehydrator. 
After  the  machine  is  charged  with  aqua  ammonia  of  the  required 
strength  it  is  seldom  necessary  to  replenish  the  charge  unless 
lost  by  accident.  However,  it  is  impossible  to  prevent  the  loss 
of  ammonia  gas  thru  the  stuffing  boxes  of  valves  and  other  leaks 
which  will  develop  by  intermittent  operation.  A  sample  of  rich 
aqua  ammonia  can  be  drawn  from  the  system  and  tested  with 
a  hydrometer.  This  should  show  not  less  than  26  degrees 
Baume  at  a  temperature  of  60  degrees  F.  To  strengthen  the 
charge  anhydrous  ammonia  may  be  expanded  into  the  system. 
This  ammonia  is  transported  in  cylinders  containing  fifty  or  one 
hundred  pounds.  The  ammonia  should  be  tested  before  using 
as  manufacturers  guarantee  purity  and  a  cylinder  contaminated 
with  foul  gases  will  give  no  end  of  trouble.  It  may  be  tested 
for  dryness  by  drawing  a  sample  from  the  cylinder  into  a  test 
tube,  quickly  inserting  a  stopper  with  a  small  outlet  and  being 
careful  that  no  moisture  collects  inside  of  the  tube.  The  am- 
monia will  evaporate  rather  slowly  unless  immersed  in  brine. 
Any  residue  will  be  the  moisture  contained.     Foul  gases  may  be 
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detected  at  the  instant  of  complete  evaporation  by  leaving  an 
offensive  odor.  They  will  not  be  absorbed  by  water  and  are 
readily  detected  by  a  rise  in  the  absorber  pressure. 

The  absorber  is  provided  with  a  purging  valve  above  the 
level  of  the  liquid  where  these  gases  accumulate  and  may  be 
burned  off.  They  will  burn  with  a  yellowish  flame  which  is 
extinguished  by  the  presence  of  ammonia.  Ammonia  gas  will 
not  burn. 

All  valves  and  fittings  used  for  ammonia  are  made  extra 
heavy  and  are  of  cast  iron  or  steel  as  other  metals  are  rapidly 
corroded.  A  leak  of  ammonia  in  the  brine  tank  is  very  destruc- 
tive to  the  galvanized  cans. 

A  constant  supply  of  water  is  necessary  for  the  operation  of 
the  machine  and  the  pumping  plant  is  of  greatest  importance. 
The  machine  will  require  about  four  gallons  per  ton  per  minute. 
The  absorber  requires  an  ample  supply  of  cold  water  if  a  low 
temperature  in  the  refrigerating  coils  is  desired.  With  cooling 
water  at  60  degrees,  70  degrees  and  80  degrees  back  pressures  of 
2,  4  and  8  pounds  respectively  are  obtained.  However,  less 
water  may  be  used  and  the  machine  operated  successfully  at  a 
higher  back  pressure.  The  amount  of  heat  generated  in  the 
absorber  depends  upon  the  amount  of  ammonia  in  circulation  as 
the  heat  of  absorption  is  about  925  B.  T.  U.  per  pound  of  am- 
monia. This  amount  of  heat  must  be  again  applied  in  the  gen- 
erator as  it  is  supposed  that  the  heat  of  dissociation  is  equal  to 
the  heat  of  absorption,  altho  both  vary  somewhat  with  the 
strength  of  solution.  Very  little  data  is  available  in  regard  to 
the  economy  of  plants  of  various  sizes.  Tests  that  have  been 
made  compare  favorably  with  the  compression  machine  and 
theoretical  calculations  show  a  decided  advantage  in  the  absorp- 
tion machine.  It  has  been  found  that  the  machine  will  use  abo  t 
30  pounds  of  steam  in  the  generator  per  ton  of  ice.  In  refriger- 
ation the  machine  most  economical  in  the  use  of  steam  is  the  one 
desired.  In  the  manufacture  of  distilled  water  ice  where  the 
operation  of  the  machine  will  not  furnish  sufficient  water  for  ice 
making  the  economy  lies  in  the  distilling  system  .which  we  will 
next  consider. 

In  the  manufacture  of  can  ice  which  is  frozen  in  50,  100. 
200,  300  or  400  pound  blocks  it  is  impossible  to  obtain  the  de- 
sired purity  for  domestic  purposes  without  distillation  and  sel- 
dom without  reboiling.     In  the  manufacture  of  plate  ice  which 
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is  frozen  from  one  side  only  filtered  water  may  be  used.  Freez- 
ing will  neither  kill  disease  germs  nor  eliminate  suspended  mat- 
ter. However,  the  freezing  process  will  drive  suspended  matter 
ahead  of  it  and  clear  ice  may  be  harvested  from  filthy  ponds. 
The  plate  system  operates  on  the  same  principle.  The  water  to 
be  frozen  is  run  into  a  vat  or  tank  about  thirty  inches  wide  and 
several  feet  long.  The  water  freezes  around  the  vat  and  when 
about  two-thirds  frozen  the  ice  is  removed  leaving  practically 
all  the  impurities  in  the  unfrozen  water.  These  blocks  weigh 
several  tons  and  are  sawed  into  sizes  convenient  to  handle.  In 
the  can  system  all  the  water  in  the  can  is  frozen  and  therefore 
must  be  entirely  free  from  air  and  suspended  matter  to  produce 
transparent  ice.  Water  may  be  free  from  suspended  matter,  but 
the  presence  of  air  will  produce  a  white  core  in  the  ice,  which  has 
a  disagreeable  taste  and  odor.  Ice  may  have  a  red,  white  or 
yellow  core  all  of  which  are  due  to  defects  in  the  distilling  sys- 
tem and  oftentimes  it  is  difficult  to  locate  the  defect.  In  the 
absorption  system  the  condensed  steam  from  the  generator  and 
live  steam  from  the  boiler  form  the  greater  part  of  the  water 
used  and  little  or  no  difficulty  will  be  experienced  from  the  use 
of  oil.  In  the  compression  system  practically  all  the  steam  is 
contaminated  with  lubricating  oil  which  proves  to  be  a  great 
source  of  trouble.  However,  a  skimming  tank  is  used  in  con- 
nection with  the  reboiler,  but  the  skimming  process  wastes  a 
certain  amount  of  water. 

The  boiler  must  be  blown  off  at  regular  intervals  and  kept 
clean.  The  water  level  must  not  be  carried  too  high  or  prim- 
ing will  occur  and  spoil  the  ice.  However,  manufacturers  guard 
against  this  to  a  certain  extent  and  specify  a  boiler  about  twice 
the  size  necessary  thus  reducing  the  rate  of  ebullition.  The 
water  from  the  steam  condenser  passes  into  the  reboiler,  which 
is  a  galvanized  tank  containing  a  coil  thru  which  live  steam  is 
passed  in  sufficient  quantity  to  boil  the  distilled  water  more  or 
less  violently.  Machines  are  in  operation  without  reboilers  and 
produce  a  fairly  good  quality  of  ice.  However,  it  depends 
largely  upon  the  character  of  the  water  which  must  leave  the 
condenser  at  a  temperature  near  the  boiling  point  or  foul  gases 
Avill  be  reabsorbed.  The  best  way  to  remove  the  air  and  foul 
gases  is  bv  a  violent  reboiling.  altho  there  is  a  considerible 
loss  from  the  escaping  vapor.  The  reboiler  is  fitted  with  a  float 
and  regulating  valve  to  keep  the  coil  covered  and  the  discharge 


i 


12  THE    NEBRASKA    BLUE   PRINT. 

pipe  full  of  water.  It  is  a  matter  of  the  greatest  importance  to 
have  all  distilled  water  pipes  galvanized,  absolutely  air  tight  and 
so  arranged  as  to  remain  full  of  water  at  all  times.  The  water 
leaves  the  reboiler  at  a  temperature  of  about  212  degrees  and 
passes  into  a  forecooler  in  order  to  lower  the  temperature  as 
much  as  possible  before  entering  the  cans  The  forecooler  is  a 
large  vertical  cylinder  fitted  with  coils  for  cooling  water  and 
also  coils  thru  which  the  ammonia  gas  passes  from  the  refrig- 
erating coils  on  its  way  to  the  absorber.  The  gas  enters  the 
coils  at  about  12  degrees  and  by  using  plenty  of  cooling  water 
the  temperature  of  the  distilled  water  may  be  reduced  as  low  as 
36  degrees.  The  forecooler  also  acts  as  a  storage  tank  frbhi 
which  the  water  is  drawn  as  needed,  passing  thru  some  type  of 
filter  on  its  way  to  the  cans.  The  filtering  medium  used  should 
be  such  that  all  suspended  matter  will  be  removed.  Charcoal, 
fine  sand,  quartz,  sponges,  and  cloth  are  used  successfully. 
Charcoal,  having  the  property  of  absorbing  gases,  is  most  ex- 
tensively used.  However,  its  value  in  that  respect  is  rather 
limited  and  would  require  frequent  renewals.  Charcoal  filters 
are  sometimes  used  two  or  three  seasons  without  renewing,  but 
will  not  remove  small  particles  of  rust  and  other  suspended 
matter.  The  most  effective  filter  in  removing  all  particles  of 
rust  is  one  using  special  cloth  and  fibre  discs.  The  cloths  may 
be  washed  and  the  fibre  discs  discarded  as  they  can  be  replaced 
at  a  small  cost. 

Red  ice  is  invariably  due  to  rust  in  the  system  and  is  most 
likely  to  occur  after  a  shut  down.  White  ice  is  caused  bv  air 
and  foul  gases  in  the  distilled  water.  The  reboiler  may  not  be 
working  properly  or  the  gases  have  been  absorbed  after  leaving 
it.  Yellow  ice  is  a  result  of  oil  in  the  system.  However,  there 
are  other  causes  which  may  produce  one  result  at  one  time  and 
at  another  time  a  different  result.  This  subject  could  be  dis- 
cussed at  some  length  and  is  of  the  utmost  importance  to  the 
ice  manufacturer. 

The  brine  in  the  freezing  tank  is  a  solution  of  either  com- 
mon salt  or  calcium  chloride.  The  latter  having  several  ad- 
vantages, altho  much  higher  in  price,  is  slowly  replacing  salt. 
There  are  several  grades  of  calcium  on  the  market  and  the 
cheaper  products  are  more  destructive  to  the  tank  and  pipes  than 
salt.  A  pure  calcium  undoubtedly  has  many  advantages  over 
salt.    It  is  non-corrosive,  and  will  clean  the  tank  and  pipes  from 
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rust  and  scale.  For  that  reason  it  is  not  always  advisable  to 
change  from  salt  to  calcium,  as  serious  leaks  may  develop  in  the 
tank.  The  brine  should  be  of  sufficient  strength  to  remain 
liquid  at  the  lowest  temperature  carried.  Ice  plants  of  recent 
construction  are  built  to  carry  a  temperature  of  about  12  degrees 
in  the  tank  and  freeze  a  300  pound  block  of  ice  in  from  forty- 
eight  to  fifty-four  hours.  However,  many  plants  are  in  opera- 
tion carrying  a  temperature  of  18  degrees  and  freezing  in  seventy- 
two  hours.  Brine  tanks  are  often  built  of  wood  and  a  few  have 
been  built  of  concrete.  They  should  be  insulated  with  some 
good  insulating  material  as  granulated  cork  or  mineral  wool 
with  several  thicknesses  of  boards  and  insulating  paper.  Wooden 
tanks  are  usually  built  of  six  inch  lumber  and  require  very  little 
insulation.  It  is  a  matter  of  some  difficulty  to  make  them  ab- 
solutely tight  when  calcium  is  used.  The  tank  should  be  pro- 
vided with  some  agitating  device  as  a  rapid  circulation  of  the 
brine  is  conducive  to  quick  freezing.  Either  a  direct  acting 
steam  pump  with  suction  and  discharge  at  opposite  ends  of  the 
tank  or  a  rotating  agitator  placed  at  one  end  of  the  tank  may 
be  used. 

In  the  operation  of  an  ice  plant  the  best  results  are  obtained 
by  continuous  operation.  Ice  must  be  pulled  regularly  and  cans 
filled  at  regular  intervals.  All  machinery  should  be  kept  in  first- 
class  order.  Special  attention  should  be  given  to  the  boiler  plant 
and  more  care  exercised  than  in  an  ordinary  steam  plant.  The 
economy  lies  in  the  generation  of  steam  as  other  expenses  about 
the  plant  are  fixed.  A  can  plant  will  produce  from  five  to  eight 
tons  of  ice  per  ton  of  coal.  Some  plants  produce  as  low  as  three 
and  others  as  high  as  ten  depending  somewhat  upon  the  quality 
of  coal  used.  A  plate  plant  will  produce  from  ten  to  fourteen 
tons  of  ice  per  ton  of  coal.  However,  the  initial  cost  of  the  plant 
is  much  greater. 

The  cost  of  production  will  vary  from  75  cents  to  $2  per  ton, 
depending  upon  the  size  of  the  plant  and  the  price  of  fuel.  Re- 
tailing this  ice  to  the  large  consumer  at  $4  or  $5  per  ton  and  to 
the  small  consumer  at  from  $7  to  $10  per  ton  gives  the  inex- 
perienced the  impression  of  enormous  profits  in  the  ice  business. 
Taking  into  consideration  the  fact  that  the  plant  can  be  operated 
^t  full  capacity  possibly  four  months  out  of  the  year  while  some 
skilled  labor  must  be  retained  the  entire  year,  the  cost  per  ton 
of  ice   manufactured   would   reach   a   surprisingly   high   figure. 
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Adding  to  this  the  cost  of  delivery,  including  the  large  item  of 
shrinkage,  the  cost  of  maintaining  such  equipment  and  wintering 
the  same  the  per  cent  of  profit  is  materially  reduced  and  brought 
within  reasonable  limits. 

The  cost  of  installation  depends  largely  upon  the  location, 
the  ease  with  which  water  may  be  obtained,  the  kind  of  a  build- 
ing and  the  storage  capacity.  Equipment  for  a  can  plant  aside 
from  the  building  will  cost  from  $650  to  $800  per  ton  installed 
ready  for  operation.  Building  and  water  supply  from  $300  to 
$400  per  ton.  In  a  plate  plant  the  equipment  is  more  expensive 
and  will  cost  about  $1,000  per  ton  with  the  same  expense  for 
buildings  as  in  a  can  plant. 


TEST  WORK  AT  CHICAGO'S  THIRTY-NINTH  STREET 
PUMPING   STATION. 

BY  E.   H.  BROWN   AND  C.   L.  COLE,   '06.      ALLIS-CHALMERS  CO. 
THE  PUMPING  STATION. 

The  complete  turning  of  the  sewage  of  Chicago  from  Lake 
Michigan,  into  the  river  and  drainage  canal,  occasioned  the 
building  of  an  extensive  intercepting  sewage  system  and  several 
large  plants.  The  sewage  through  the  plants  reaches  its  destina- 
tion by  a  series  of  steps.  At  73d  street  and  near  the  lake  is  a 
small  station  into  which  the  sewage  from  the  south  and  south- 
west flows.  Here  it  is  discharged  into  one  large  conduit  12.5 
feet  in  diameter,  at  an  elevation  high  enough  to  flow  to  one 
farther  north.  This  conduit,  following  the  lake  front  4.5  miles, 
enlarges  as  it  crosses  the  intercepting  sewers  to  16  feet  in  di- 
ameter at  39th  street  station.  Again  the  sewage  is  elevated  by 
specially  designed  sewage  pumps,  until  by  gravity  it  flows  di- 
rectly west  through  a  conduit  20  feet  in  diameter,  into  the  stock- 
yards slip,  and  from  the  slip  into  the  south  branch  of  the  Chicago 
river,  finally  entering  the  drainage  canal. 


(15) 


K)  THE    NEBRASKA    BLUE    PRINT. 

The  largest  of  the  sewage  pumping  stations  is  located  on  the 
edge  of  the  lake  at  39th  street,  just  outside  of  the  tracks  of  the 
Illinois  Central  Railroad.  Figure  1  shows  this  plant  looking  at 
it  from  the  south.  Its  function  is  threefold  in  that  it  cares  for 
the  dry  weather  sewage,  the  flood  water  or  storm  sewage  and 
sends  a  large  volume  of  lake  water  into  the  river  and  drainage 


FiB.  j. -The  Centrifugal  Unit. 

canal.     Four  centrifugal  and  two  screw  pumps  were  installed  ti> 
perform  these  respective  duties. 

The  rated  capacity  of  the  pumping  station  is  1,296,000,0001 
gallons  per  24  hours,  but  by  a  little  crowding  the  units  will  de- 
liver 2,000,000.000  gallons,  thus  making  its  capacity  the  largest 
of  any  in  the  world.  The  larger  capacity  was  shown  to  be  pos- 
sible 1111  one  of  the  tests,  for  by  decreasing  the  head  pumped 
against  and  increasing  the  speed  a  few  revolutions  per  minute 
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the  pump  discharged  140  cubic  feet  per  second  against  its  rated 
capacity  of  75. 

The  maximum  dry  weather  sewage  that  flows  into  the  39th 
street  plant  is  near  150  cubic  feet  per  second  and  to  handle  this, 
two  centrifugal  pumps  of  75  cubic  feet  per  second  capacity,  are 
installed.  The  pumps  are  driven  by  triple-expansion  engines 
12  by  22  by  32  and  30  inch  stroke.  They  operate  against  a  head 
of  20  to  24  feet  and  with  a  speed  of  no  to  120  revolutions  per 
minute.  The  sewage  and  storm  water  that  may  flow  into  the 
suction  well  is  666  cubic  feet  per  second  and  two  pumps  of  250 
cubic  feet  per  second  capacity  care  for  the  additional  flow.  The 
storm  pumps  have  cylinders  16  by  30  by  46  and  3*0  inch  stroke, 


Fig.  3-The  Ceutrifuga!  Engines  as  Arranged  Across  Ih*  South  Hud  of  Building. 

operating  against  a  head  varying  from  7  to  10  feet  and  with  a 
speed  of  sixty  to  ninety  revolutions  per  minute.  Figure  2  shows 
the  engine  and  pump,  and  figure  3  the  arrangement  of  the  four 
Units  at  the  south  end  of  the  engine  room.  The  engines  are  well 
lagged  an<l  equipped  with  reheating  coils  in  the  receivers.  The 
unique  feature  of  the  sewage  and  stormwater  units  comes  in  the 
arrangement  of  the  cylinders.  They  are  placed  1200  apart,  as 
shown  in  figure  2;  thus  dispensing  with  a  fly-wheel,  and  the 
connecting  rods  drive  over  a  single  pin.  A  fan  shaped  counter- 
balance on  the  end  of  the  vertical  shaft  relieves  the  difference  in 
the  reciprocating  parts. 
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For  improving  the  sanitary  conditions  and  relieving  the 
velocity  in  the  Chicago  river,  two  screw  pumps,  driven  by  marine 
vertical  engines  of  the  fore  and  aft  type,  were  installed.  These 
pumps  have  a  capacity  of  666  cubic  feet  per  second  and  operate 
against  a  head  of  7  to  10  feet.  Their  function  is  to  pump  lake 
water.  The  engines  are  triple-expansion,  steam  jacketed,  re- 
heating coils  in  receivers,  having  cylinders  22  by  38  by  62  and  a 
42-inch  stroke,  the  speed  being  fifty-five  revolutions  per  minute. 
Figure  4  shows  the  screw  pump  pit  and  condensers.  Figure  5 
shows  the  arrangement  of  tile  cylinders,  the  high  and  inter- 
mediate being  in  tandem  and  the  low  pressure  cylinder  to-the  side. 
The  condcnseie  of  the  barometric  type  Allis-Chalmers  Co.  design 


arc  equipped  with  8  inch  centrifugal  circulating  pumps,  direct 
connected  to  American  Blower  Co.  engines  and  produce  a  work- 
ing vacuum  of  27  inches, 

The  centrifugal  and  screw  pump  units  were  designed  and 
Imilt  by  the  Allis-Chalmers  Co.  of  Milwaukee,  Wisconsin. 

The  six  pumping  units  are  contained  in  a  spacious  engine 
room  125  by  135  feet,  with  head  room  for  the  barometric  con- 
densers, over  which  runs  a  fifteen-ton  crane  of  100  feet  span. 
Centrifugal  and  screw  pump  units  were  designed  and  built  by 
the  Allis-Chalmers  Co.  of  Milwaukee,  Wisconsin. 

The  plant  faces  the  lake  with  the  longest  way  to  the  north. 
The  main  interceptor  coming  from  the  south,  makes  a  turn  at 
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the  south-west  corner  of  the  plant  and -extends  across  the  entire 
south  end  of  building,  making  another  90°  turn  it  enters  the 
gravity  channel  as  shown  in  figure  6.    The  chamber  at  the  south 


s  the  suction  well  for  the  sewage  and  storm  pumps.  The  sewage 
s  taken  from  this  channel  and  discharged  into  the  gravity 
™a»mel  which  runs  parallel,  hut  west  into  the  main  cross-town 
0,1<liiit.     An   automatic   swing  gate   hangs   across   the   suction 
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channel  and  the  storm  pumps  may  be  used  either  for  pumping 
lake  water  or  storm  sewage.  If  for  storm  sewage,  the  lift  gate 
to  the  gravity  channel  is  closed  and  when  the  sewage  rises  to  8  or 
10  feet  below  datum,  the  automatic  gate  swings  open  and  this 
part  of  the  interceptor  becomes  the  suction  well  for  the  storm 
pumps.  The  bottom  of  the  suction  well  is  34  feet  below  floor 
level  and  the  discharge  or  gravity  channel  is  32  feet.  The  chan- 
nels in  width  are  12  and  11  feet  respectively. 

The  intake  for  lake-water,  also  shown  in  figure  6,  is  horse- 
shoe in  shape  and  has  a  capacity  of  120,000  cubic  feet  per  minute. 
By  this  arrangement  each  screw  pump  has  a  separate  suction 
channel,  the  intake  dividing  into  three  channels  at  the  entrance 
to  the  building,  the  lake  water  being  cut  off  by  steel,  motor 
operated,  lift  gates.  The  three  channels  passing  under  the  build- 
ing, and  converging  at  its  west  wall,  form  the  20-foot  cross-town 
conduit  previously  mentioned. 

The  boiler  room,  48  by  50  feet,  extending  across  the  north  end 
of  the  building,  contains  six  water-tube  boilers  in  batteries  of 
two  units.  They  are  of  the  Babcock  Wilcox  type  and  were  built 
by  the  Aultman-Taylor  Co.  The  boilers  are  equipped  with  chain 
grates  and  special  coal  handling  devices,  and  are  rated  at  264 
horse  power  each.  They  are  capable  of  furnishing  steam  for  the 
entire  plant  should  it  be  found  necessary  or  desirable  to  run  at 
full  capacity.  Steam  lines  6  inches  in  diameter  lead  from  the 
boilers  to  a  header  on  brackets  along  the  south  wall.  At  the  west 
a  6-inch  main  leads  from  the  header,  through  the  wall  and  half 
way  around  the  engine  room,  furnishing  steam  for  the  smaller 
centrifugals.  At  the  east  end  of  the  header,  a  10-inch  main  leads 
to  the  screw  pumps,  and  from  there  on  a  7-inch  main,  supplying 
the  storm  pump,  continues  around  to  meet  the  6  inch  in  the 
middle  of  the  engine  room,  thus  making  a  complete  circuit.  The 
three  sets  of  units  can  be  separated  by  gate  valves. 

The  coal  handling  machinery  is  of  the  Jeffrey's  manufacture. 
A  grab  bucket  and  electric  hoist  takes  the  coal  from  the  cars 
and  drops  it  into  a  coal  bunker  and  receiving  room.  A  hopper, 
electrically  driven  on  a  runway,  takes  the  coal  from  the  bunker 
and  distributes  it  to  each  of  the  boilers. 

THE  TESTING  APPARATUS. 

The  three  factors  beside  time  which  determined  the  duty  of 
the  pumping  units,  were  the  weight  of  commercially  dry  steam 
used  by  the  engine,  the  capacity  of  the  pump  or  the  weight  of 
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water  or  sewage  pumped,  and  head  pumped  against  or  the  height 
to  which  the  water  was  lifted;  and  in  measuring  the  quantity  of 
each  of  these,  an  independent  apparatus  was  employed. 

For  the  steam  consumption,  standard  methods  were  followed 
as  closely  as  possible,  but  for  the  other  two  no  such  standards 
were  available. 

With  the  type  of  condenser  used  it  seemed  impracticable  to 
weigh  the  exhaust  steam  from  the  engine,  so  the  boiler  feed 
water  was  measured  and  deductions  made  for  all  trap  and  sepa- 
rator discharges  between  the  boiler  and  the  throttle  and  for 
boiler  leakage. 


The  feed  water  measuring  apparatus  consisted  of  two  ele- 
vated weighing  tanks.  A  and  R,  figure  ~.  resting  on  scales  and 
arranged  to  discharge  into  the  lower  receiving  tank  C,  which 
was  connected  directly  to  the  feed  pump.  The  weighing  tanks. 
of  galvanized  iron  and  stiffened  by  hoops,  were  4.5  feet  in 
diameter  by  3  feet  deep  and  were  provided  with  3-inch  quick 
opening  gate  valves,  connected  to  the  bulging  bottom  so  as  to 
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completely  drain  the  water.  With  each  tank  was  a  measuring 
stick  graduated  to  read  pounds  directly,  when  held  vertically  in 
the  water,  giving  the  weight  in  the  tank  at  any  time.  The  tanks 
were  supported  by  a  substantial  timber  frame  resting  on  the 
scale  platform.  The  scales  were  Fairbanks  manufacture  and 
tested  and  found  correct  with  standard  weights  by  the  city  ex- 
aminer of  weights  and  measures. 

The  receiving  tank  below  is  5  feet  in  diameter,  4  feet  deep, 
with  a  2-inch  connection  to  the  pump  let  in  at  the  side  near  the 
bottom  and  contains  a  heating  coil  for  warming  the  feed.  In 
this  tank  is  a  galvanized  iron  float  carrying  a  pointer  which 
moves  over  a  scale  reading  in  pounds. 

The  feed  water  is  pumped  directly  to  the  boiler  used  during 
the  test  thru  a  special  line  of  pipe,  the  other  connections  being 
blanked.  This  boiler  was  blanked  from  the  header  and  its  steam 
carried  directly  to  the  engine-room  main  thru  temporary  piping. 
The  engine  room  steam  main,  as  previously  mentioned,  runs 
completely  around  the  building  and  is  connected  to  the  boilers, 
thru  the  header  at  both  ends. 

During  the  test  of  any  unit  all  connections,  except  to  the 
test  boiler,  were  blanked  and  all  drips,  separator  and  trap  dis- 
charges were  conveyed  thru  special  piping  to  a  cooling  coil  and 
then  to  a  weighing  tank  in  the  engine  room ;  the  steam  passing 
from  the  separator,  thru  the  engine  into  the  barometric  con- 
denser and  the  condensed  steam  and  circulating  water  running 
from  the  hot  well  to  waste. 

The  percentage  of  moisture  in  the  steam  was  determined  by 

means  of  a  throttling  calorimeter,  drawing  steam  from  the  pipe 

between  the  separator  and  throttle  valve,  thru  a  sampling  nipple 

with  its  end  plugged  and  the  side  toward  the  current  of  steam 

drilled  full  of  small  holes  and  reaching  to  the  middle  of  the  steam 

pipe. 

The  steam  pressure  was  taken  at  the  calorimeter  by  a  Crosby 
test  gage  and  the  temperature  in  the  instrument  indicated  by  a 
calibrated  thermometer.  The  steam  pressure  at  the  boiler  and  all 
receiver  and  reheating  coil  pressures  were  taken  from  standard 
Bo-urdon  gages,  tested  for  accuracy  by  a  Crosby  gage  tester. 
The  vacuum  was  read  from  a  mercury  column  connected  to  the 
ex;l~uuist  pipe  and  the  atmospheric  pressure  from  a  Keuffel  and 
£&ser  Aneroid  Barometer. 

The  revolutions  of  the  engine  were  recorded  on  an  Ashcroft 


L 


24  THE   NEBRASKA   BLUE  PRINT. 

Engine  Register,  driven  from  the  high  pressure  exhaust  wrist 
plate. 

HEAD. 

For  the  two  sewage  pumps,  the  amount  of  sewage  flowing 
was  not  the  specified  capacity  of  the  pumps  and  in  consequence 
one  of  the  storm  pumps  had  to  take  care  of  the  surplus,  dis- 
charging it  thru  the  south  screw  pump  channel  and  thence  into 
the  cross-town  conduit  outside  the  building.     This  arrangement 
limited  the  level  of  the  water  in  the  suction  well  to  a  point  some- 
what above  the  lower  sill  of  the  automatic  swing  gate  opening 
into  the  storm  pump  suction  chamber  and  consequently  necessi- 
tated the  raising  of  the  discharge  water  level  several  feet  above 
that  obtaining  when  sewage  only  is  pumped.    This  was  accom- 
plished by  placing  timber  bulkheads,  of  10  by  io-inch  hard  pine, 
in  the  cast  iron  slots  let  into  the  wall  on  each  side  of  the  dis- 
charge nozzle  as  shown  in  figure  8,  and  pumping  into  this  reser- 
voir.    The  bulkhead  nearest  the  lake  was  built  up  to  the  floor, 
but  the  next  one  in  place  was  provided  with  an  orifice,  the  area 
of  which  could  be  adjusted  by  a  steel  plate  suspended  from  the 
floor,  and  this  bulkhead  was  only  built  to  the  height  which  gave 
the  desired  total  head  on  the  pump  with  a  part  of  the  water 
flowing  over  its  top  and  part  thru  the  orifice.     As  the  sewage 
flowing  and  therefore  the  suction  level  was  subject  to  changes 
due  to  rains  and  other  causes,  this  flexibility  of  apparatus  for 
controlling  the  total  lift  was  essential. 

The  total  head  pumped  against  was  defined  as  the  difference 
in  level  of  the  water  in  the  suction  and  discharge  channels, 
shown  in  figure  9,  and  it  was  this  distance  which  had  to  be 
measured. 

The  city  datum  of  Chicago  was  taken  as  a  base  line  and  the 
distances  of  water  levels  above  or  below  it,  designated  positive 
or  negative  respectively  and  measured  by  means  of  floats  carry- 
ing pointers  and  reading  on  scales  graduated  in  tenths  and 
hundredths  of  a  foot. 

On  the  discharge  side,  the  float  was  placed  between  the  two 
bulkheads,  A  and  B,  figure  8,  and  as  the  water  surface  in  this 
section  of  the  channel  was  always  within  a  few  feet  of  the  engine 
room  floor,  the  pointer  was  carried  on  an  extension  attached 
directly  to  the  float.  The  float  was  made  of  galvanized  iron, 
square  in  section  and  with  a  pyramid  top.  Into  the  apex  of  the 
pyramid,  was  let  a  quarter  inch  pipe  coupling  and  this  served  to 
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hold  the  extension  of  quarter  inch  pipe,  to  which  the  pointer  or 
indicating  finger  was  attached.  A  water-tight  wooden  box,  12 
by  12  and  i-inch  boards,  fastened  securely  to  the  concrete  wall 
of  the  channel  and  with  a  contracted  opening  in  the  bottom  to 
the  water  outside,  guided  the  float  and  prevented  any  wave 
action  from  affecting  it.  Directly  above  this  box  on  the  engine 
room  floor,  a  vertical  board  was  fastened  to  carry  the  scale, 
graduated  in  feet  above  city  datum  and  over  which  the  pointer 
traveled,  the  extension  of  quarter  inch  pipe  being  guided  by 
bands  on  the  board. 

The  calibration  of  this  apparatus  was  simple,  accurate  and 
direct.  The  elevation  of  the  engine  room  floor  was  +  1 1 .0  feet 
with  respect  to  city  datum  and  as  the  water  level  was  usually  +  9 
to  •+■  10,  the  pointer  of  the  float  was  clamped  to  the  extension,  a 
sufficient  distance  above  the  water  line,  to  bring  it  on  the  level 
of  the  eye  of  an  observer  standing  on  the  floor.  This  arrange- 
ment made  necessary  the  setting  of  the  pointer  a  known  distance 
above  the  water  line  of  the  float  and  the  raising  of  the  zero  of 
the  scale  over  which  it  traveled,  the  same  distance. 

To  place  the  pointer,  the  float  with  extension  and  pointer 
attached,  was  placed  in  a  box  of  clear  water  and  guided  so  as  to 
float  in  a  vertical  position  and  the  water  line  marked  on  its  side 
by  a  fine  line;  the  pointer  then  being  placed  any  desired  dis- 
tance above  the  water  level  by  simply  measuring  with  a  steel 
tape  from  the  line  on  the  float  to  the  pointer. 

For  setting  the  scale  a  surveyor's  level  was  used  and  a  refer- 
ence line  of  known  elevation  placed  on  the  supporting  board  by 
leveling  from  the  building's  bench  mark.  If  the  water  surface 
was  to  be  shown  directly  on  the  scale,  the  scale  reading  corre- 
sponding to  the  reference  line  elevation  would  simply  be  placed 
at  this  line,  as  the  pointer  was  to  indicate  the  water  level,  its  dis- 
tance above  the  surface  was  deducted  from  the  reference  line 
elevation  and  the  number  thus  obtained  marked  on  the  scale  and 
placed  opposite  the  reference  line  This  operation  being  simply 
equivalent  to  raising  the  scale  zero  enough  to  make  the  pointer 
indicate  zero  with  the  water  surface  at  datum. 

The  elevation  of  the  floor  at  the  gage  was  determined  ac- 
curately and  its  corresponding  readings  checked  by  direct  meas- 
urements from  the  floor  to  the  water  surface. 

The  level  of  the  water  in  the  suction  well  was,  during  the 
sewage  pump  tests,  from  13  to  15  feet  below  datum  and  as  it 
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was  necessary  to  take  the  observations  from  the  floor,  the  dis- 
tance from  the  water  surface  to  the  line  of  observation  was  about 
3854  feet  to  40^  feet  and  made  the  arrangement  somewhat  more 
complicated.  A  float  and  guiding  box  of  about  the  same  con- 
struction as  was  used  on  the  discharge  side  were  employed,  but 
it  was  not  practicable  to  attach  a  pointer  to  an  extension,  because 
of  the  great  length,  the  fluctuation  of  the  water  level  at  various 
times  and  the  limited  head  room. 

The  guide  box  was  bolted  to  the  concrete  wall  of  the  suction 
well,  directly  under  a  manhole  in  the  floor  and  over  the  center 
of  the  box  a  vertical  gage  board  was  placed  and  a  line  drawn 
across  it  at  about  the  level  of  the  eye. 

Then  an  extension  was  attached  to  the  float  whose  top  just 
came  to  this  mark  when  the  water  stood  at  datum  or  zero  and 
to  the  top  of  the  extension  was  clamped  a  steel  tape  which  ran 
over  a  pulley  at  the  top  of  the  gage  board  and  was  weighted  at 
its  free  end.     Evidently  the  number  on  the  tape  opposite  the 
observation  line  will  indicate  the  distance  the  water  surface  is 
below  datum.     However,  it  was  not  feasable  to  locate  the  line 
of  observation  by  raising  the  water  surface  to  datum  and  as  this 
position  would  be  from  13  to  15  feet  above  the  level  prevailing 
during  the  tests  and  might  involve  cumulative  and  other  errors, 
the  following  calibration  was  devised.     Near  the  bottom  of  the 
box  was  placed  the  opening  to  sewage,  this  being  a  pipe  with  a 
valve  to  adjust  the  opened  area  and  to  close  it  altogether.    Sev- 
eral feet  above  this  another  pipe  was  tapped  in  the  box  hori- 
rontally  with  an  ell  on  the  end  and  a  short  nipple  looking  up  from 
the  ell.     The  elevation  below  datum  of  the  end  of  this  nipple 
was  accurately  determined  by  means  of  a  surveyor's  level.    Xhe 
extension  having  been  placed  on  the  float  and  the  tape  attached 
and  all  adjusted  roughly  to  bring  the  observation  line  or  zero 
marks  about  5  feet  above  the  floor  level,  everything  was  ready  t° 
determine  the  position  of  the  zero  mark  accurately.     The  loWer 
opening  to  the  box  was  closed  by  the  valve  and  the  box  fiUe<* 
with  water  till  it  spurted  out  the  vertical  nipple,  the  float  risi*1^ 
with  the  water;  then  the  lower  valve  was  opened  and  the  water 
allowed  to  fall  till  it  stood  just  level  with  the  top  of  the  nipp^e 
The  elevation  of  the  end  of  nipple  being  known,  that  of    && 
water  surface  when  it  stood  at  this  point  was  also  known    a**^ 
therefore  the  zero  mark  on  the  gage  board  would  be  oppo^*te 
the  reading  on  the  tape  corresponding  to  this  elevation.      TT^e 
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zero  mark  was  thus  determined  and  checked  repeatedly  by  ob- 
servers stationed  at  the  nipple  and  signaling  to  the  others  above 
at  the  gage  board  who  would  instantly  mark  opposite  the  tape 
reading  for  the  nipple  elevation. 

This  gage  showing  the  suction  level  in  feet  below  city 
datum  and  the  discharge  gage  the  water  level .  above  datum, 
gave  the  head  pumped  against  by  simply  adding  the  two  ob- 
served distances. 

CAPACITY. 

To  determine  the  capacity  of  the  pumps  current  meters  were 
employed  to  measure  the  velocity  of  flow  at  a  section  of  known 
area  and  this  method  entailed  considerable  apparatus  and  ex- 
periment to  produce  satisfactory  and  accurate  results. 

As  shown  in  figure  8,  the  water  on  leaving  the  pumps  en- 
tered the  reservoir  formed  between  the  two  timber  bulkheads,  A 
and  B.  It  was  discharged  from  this  reservoir,  partly  thru  an 
orifice  in  and  partly  over  the  top  of  B,  into  the  gravity  channel 
and  flowed  west  over  a  submerged  bulkhead  C  with  a  floor  10 
feet  long  fastened  to  its  top,  into  the  cross-town  conduit.  At  D, 
outside  the  engine  room,  a  sectional  steel  bulkhead  was  placed 
and  arranged  to  adjust  vertically  and  thus  give  any  desired  depth 
of  water  at  C,  where  the  current  meters  were  suspended  and  the 
velocity  observations  taken. 

The  distance  between  B  and  C  was  limited  and  as  at  C,  the 
meter  station,  the  flow  to  be  straight  and  of  uniform  varia- 
tion from  top  to  bottom  and  side  to  side,  it  was  necessary  to 
discharge  the  water  from  the  reservoir  with  a  minimum  of  dis- 
turbance. This  was  accomplished  by  means  of  the  orifice  in  B, 
the  area  of  which  was  adjusted  from  the  floor  above  by  raising 
or  lowering  a  steel  plate  over  part  of  it.  The  orifice  area  was 
set  to  give  a  flow  of  from  4  to  6  inches  depth  over  the  crest  of 
the  timbers  and  this  falling  sheet  served  to  break  up  eddy  cur- 
rents and  boiling  due  to  the  velocity  of  discharge  below. 

To  still  the  water  and  break  up  cross  currents,  giving  it  a 
Parallel  flow  free  from  swirls,  three  stilling  racks  made  of  2  by 
*o  inch  by  16  feet  pine  boards,  spaced  10  inches  to  center,  were 
Weighted  and  suspended  between  B  and  C,  a  fourth  rack  being 
built  on  the  edge  of  the  floor  at  the  meter  station.  Floats  made 
°f  2  by  12  inch  boards  were  used  to  quiet  the  water  surface. 

Directly  over  C,  the  current  meters  were  suspended  from  ste?l 
°ables  and  lowered  into  the  water  at  this  point.  As  it  was  neces- 
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sary  to  take  observations  of  the  velocity  at  practically  all  points 
of  the  measuring  section,  three  meters  were  employed  and  ar- 
ranged to  he  moved  laterally  and  vertically.  They  were  sus- 
pended from  steel  cables  wound  on  wooden  drums  for  raising 
and  lowering;  these  drums  also  carrying  weights  on  steel  cables 
wound  in  the  opposite  direction,  to  balance  the  weight  of  meter 
and  attached  weight  which  was  provided  to  keep  the  current 
from  forcing  the  meter  from  a  vertical  position. 

Rach  drum  was  provided  with  an  operating  handle  and  was 
of  such  a  diameter  that  one  revolution  raised  or  lowered  the 
meter  two  feet. 

To  provide  for  lateral  motion  the  drums  were  mounted  on 
four-wheeled  carriages  which  ran  on  an  elevated  track  over  the 
opening  in  the  floor.  A  pointer  on  the  carriage  passing  over  a 
scale  on  the  track  indicated  the  meter  position  with  respect  to  the 
channel-wall,  and  the  end  of  the  drum  was  marked  off  in  spaces 
equivalent  to  a  vertical  motion  of  o.i  of  a  foot. 

Three  Prite  horizontal  wheel  "current  meters  were  used,  each 
being  calibrated  at  the  government  station  at  Chevy  Chase,  Mary- 
land. Figure  10  shows  the  meter  apparatus  and  the  meters  at- 
tached ready  for  lowering  to  the  current.  The  current  meter 
revolutions  were  indicated  by  electrical  buzzers,  the  circuit  being 
opened  and  closed  once  every  revolution  by  a  spring  coming  in 
contact  with  a  cam  on  the  shaft  of  the  meter  bucket  wheel. 

TESTS. 

The  duty  of  each  unit  under  contract  conditions  was  deter- 
mined by  a  twenty-four-hour  continuous  test,  in  the  presence  of 
the  city's  representatives,  Allis-Chalmers  engineers,  and  a  third 
or  disinterested  party,  chosen  by  the  city  and  Allis-Chalmers 
Company. 

The  logs  of  the  tests  were  kept  by  experienced  observers  cm 
forms  supplied,  two  carbon  copies  being  made. 

Prior  to  the  official  twenty-four-hour  tests,  the  builders. con- 
ducted a  series  of  preliminary  tests  in  which  the  defects  in  the 
machines  were  detected  and  remedied,  all  apparatus  tested  and 
operated  and  the  most  economical  conditions  as  to  head,  speed, 
capacity,  etc.,  within  the  limits  allowed  by  contract  were  deter- 
mined. Just  before  each  official  test  a  preliminary  duty  test  of 
from  six  to  twelve  hours  was  run  under  the  conditions  set  for  the 
official  test,  also  in  the  presence  of  the  city's  representatives. 
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The  manipulation  and  working  of  all  apparatus  during  the 
tests  was  made  as  simple  and  free  from  error  as  possible. 

The  feed-water  weighing  tanks,  being  of  such  construction  as 
to  completely  drain  and  give  a  constant  tare,  allowed  the  scales 
to  be  set  at  a  fixed  gross  weight  and  it  was  only  necessary  for 
the  operator  to  balance  the  beam,  and  enter  on  the  log  the  num- 
ber of  tanks  u$ed.    At  the  signal  for  the  beginning  of  the  t*6t, 
the  number  of  pounds  in  the  lower  receiving  feed  tank  were 
observed  on  the  graduated  scale  provided  and  entered  on  the  log 
together  with  the  level  of  the  water  in  the  boiler,  which  was 
shown  by  a  scale  set  behind  the  gage  glass.    To  obtain  the  feed 
water  for  an  hour  the  water  in  the  receiving  tank  was  brought 
back  to  the  amount  the  log  indicated  at  the  start,  and  the  weight 
of  water  in  the  tank  then  emptying  taken  by  a  graduated  stick 
held  vertically  in  the  tank.     As  each  tank  emptied  was   1,200 
pounds,  the  feed  water  pumped  was  equal  to  the  number  of  tanks 
at  1,200  pounds  per  tank,  plus  the  fraction  of  a  tank  observed.    If 
the  water  level  in  the  boiler  had  varied,  a  correction  was  ap-1 
plied  to  the  feed  water  pumped,  to  get  the  net  feed  water  used- 
The  correction  was  obtained  by  calibrating  the  boiler,  0.10  incln^ 
on   the   gage   glass   being   equivalent   to   a   definite   number 

pounds,  depending  on  the  pressure  observed. 

In  the  engine  room  the  water  of  condensation  in  the  pipe* 
was  taken  from  the  traps  and  weighed  at  intervals  of  one-hal 
hour,  the  gross,  tare  and  net  weights  being  entered  in  the  k>: 
together  with  the  time  of  weighing. 

The  amount  of  steam  discharged  thru  the  calorimeter  w 
calculated  by  Napier's  formula  for  the  flow  of  steam  thru 
orifice ;  viz.,  weight  in  pounds  per  second  is  equal  to  the  absolua/*^ 
pressure  multiplied  by  the  area  of  orifice  in  square  inches 
vided  by  70.    The  diameter  of  the  orifice  was  carefully  caliper 
and  the  accuracy  of  the  formula  checked  by  a  preliminary  te 
in   which   the   steam   discharged   per  hour   was   condensed   a 
weighed. 

The  leakage  of  pipes  and  boilers  was  obtained  by  running'  * 
leakage  test  directly  after  the  duty  trial  for  a  period  of  seve^*^ 
hours  and  during  which  all  conditions  were  kept  as  nearly  ^^s 
possible  to  those  prevailing  in  the  duty  test.  The  amount  of  les 
age  was  taken  as  the  weight  of  feed  water  necessary  to  keep 
water  in  the  ga^e  glass  at  the  same  height. 

The  net  saturated  steam  used  by  the  engine  was  obtained 
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deducting  the  trap  discharge,  the  steam  used  by  the  calorimeter 
as  calculated  and  the  boiler  leakage,  from  the  feed  water  pumped, 
corrected  for  any  difference  in  boiler  water  level  at  beginning  and 
end.  The  net  dry  saturated  steam  being  this  quantity  times  the 
quality.  The  steam  was  assumed  dry  unless  the  moisture  ex- 
ceeded 2#,  and  in  all  instances  but  one  the  moisture  was  less 
than  2#. 

The  condenser  circulating  pump  was  an  8  inch  centrifugal, 
direct  connectd  to  a  6  by  6  inch,  American  Blower  Co.  high  speed 
vertical  engine  and  as  the  main  engine  was  charged  with  the 
steam  to  operate  this  auxiliary  apparatus,  the  exhaust  of  the  cir- 
culating engine  was  sent  into  the  first  receiver  and  worked 
thru  the  intermediate  and  law  pressure  cylinders. 

Two  indicators  were  attached  to  each  cylinder  and  to  the  cir- 
culating engine  and  cards  taken  on  all  simultaneously,  once  an 
hour,  the  load  being  practically  constant.  Crosby  Indicators 
were  used,  the  drum  being  driven  from  a  pantograph  reducing 
motion,  and  the  springs  calibrated  by  the  makers. 

All  temperatures,  pressures,  and  revolutions  were  observed 
every  fifteen  minutes  thruout  the  test. 

The  water  controlling  devices  were  so  arranged  that  the  most 
uniform  steady  flow  was  usually  obtained  with  a  mean  velocity 
at  the  measuring  section  over  bulkhead  C,  figure  8,  of  about  1.7 
feet  per  second  and  this  velocity  was  produced  by  altering  the 
depth  of  water  over  C  with  the  steel  bulkhead  D,  to  give  the 
required  discharge  area.  The  depth  of  water  on  the  platform 
at  C  was  indicated  by  a  float  gage  reading  to  hundredths  of  a 
foot,  and  set  in  a  slot  in  the  wall  directly  over  the  bulkhead  and 
opposite  the  meter  positions. 

As  before  stated  the  velocity  of  the  water  was  measured  by 
F*rice,  large  sized,  electric  current  meters  suspended  in  the  water 
at  this  section.  The  meters  were  attached  to  the  pivot  rods  below 
the  lead  weights  provided  to  hold  them  against  the  current,  so  as 
to  obtain  observations  within  a  few  tenths  of  a  foot  from  the 
bottom  and  within  half  a  foot  from  each  side. 

Each  revolution  of  a  meter  was  indicated  by  the  electric 
t>uzzer  and  observers  with  accurate  stop  watches,  reading  to 
tenths  of  seconds,  counted  the  revolutions.  This  method  of 
counting  was  taken  in  preference  to  electric  registers  due  to  their 
liability  to  jump  or  miss. 

In  observing  the  velocity  over  the  discharge  area  the  point 
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method  was  used,  that  is,  each  meter  was  placed  in  one  position, 
the  number  of  revolutions  in  a  period  as  near  as  possible  to  60 
seconds  counted  and  the  period  in  time  in  seconds  and  the  num- 
ber of  revolutions  entered  on  a  log  together  with  the  position  of 
the  meter  with  respect  to  the  channel  walls  and  bottom. 

The  measuring  section  was  divided  into  96  areas  or  points 

and  each  of  the  three  meters  held  at  32  of  these  in  succession, 

»  *^  

while  the  revolutions  were  being  counted.  The  points  were 
placed,  8  vertically,  0.55  feet  apart  and  12  horizontally,  0.92  feet 
apart,  the  channel  being  about  1 1  feet  wide  as  shown  in  figure 
11,  which  is  a  section  X-Y,  over  the  platform  built  on  C,  figure 
8,  the  average  depth  on  the  platform  being  4.4  feet. 

The   carriages   of  the   three   meters   employed   were   rigidly 


Fig.  11.— Showing  Position  of  Meter  at  Measuring  Section. 

fastened  together  and  of  such  a  distance  apart  as  to  allow  each 
meter  to  take  four  sets  of  eight  vertical  readings. 

In  operation  the  meters  were  placed  at  the  required  distance 
from  the  channel  walls,  lowered  to  the  bottom  position  and  eight 
observations  in  a  vertical  line,  taken  when  an  operator  would 
move  them  laterally  to  the  next  position  and  the  performance 
repeated  until  the  96  points  were  covered.  About  one  hour  was 
required  to  pass  over  the  section  once,  which  gave  time  for  the 
placing  of  the  meters  to  the  observation  points  and  for  frequent 
examination  of  the  instruments  to  see  that  strings  and  other 
matter,  carried  thru  the  pumps  in  the  sewage,  were  not  lodged 
on  the  bucket  wheel  spindle  of  the  meter. 

During  the  test  the  time  and  revolution  columns  on  the  log 
sheets  were  simply  totaled  and  averaged  and  the  average  velocity 
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i;i  the  channel  taken  as  the  velocity  corresponding  to  the  revolu- 
tions per  second  thus  obtained  and  the  hourly  capacity  computed 
from  this. 

For  the  final  computation,  however,  a  somewhat  more  elab- 
orate and  accurate  method  was  devised.  On  the  log  sheets  the 
revolutions  per  second  were  obtained  for  each  observation,  slide 
rules  being  used  in  this  work,  and  the  corresponding  velocity 
in  feet  per  second  read  from  the  calibration  curve  for  that  par- 
ticular meter.  The  calibration  curve  for  each  meter  was  obtained 
by  plotting  the  revolutions  per  second  as  abscissae  and  the  veloc- 
ity in  feet  per  second  as  ordinates  from  the  rating  sheet  for  the 
instrument.  With  a  complete  reading  for  each  hour  this  gave 
24  observed  velocities  for  each  of  the  96  points  and  the  average 
velocity  at  each  point  was  taken  as  the  average  of  the  twenty- 
four. 

From  side  to  side  the  points  were  arranged  in  twelve  vertical 
sets  of  eight  each ;  so  with  ordinates  representing  depth  of  water 
or  meter  positions  above  bottom  in  feet  and  abscissae  as  velocity 
in  feet  per  second,  twelve  vertical  velocity  curves  were  plotted. 
The  area  under  each  curve  was  obtained  by  the  use  of  a  polar 
planimeter  and  the  mean  velocity  for  each  of  the  twelve  vertical 
sections  found  by  dividing  the  area  by  the  depth  of  water.  The 
twelve  mean  velocities  were  then  %plotted  as  abscissae  with  the 
width  of  channel  as  ordinates  and  a  curve  drawn  as  figure  12, 
showing  the  lateral  variation  in  mean  vertical  velocities.  This 
mean  curve  was  integrated  and  the  mean  velocity  in  the  channel 
found. 

For  check  work,  the  eight  horizontal  sets  of  twelve  velocities 
each  were  plotted  and  the  mean  velocities  from  the  resulting 
curves  obtained  and  laid  off  with  the  depth  of  water  for  ordinates. 
A  curve  was  then  drawn  through  the  points,  showing  the  vertical 
variation  in  the  mean  horizontal  velocities  and  the  velocity  ob- 
tained from  it  averaged  with  the  mean  of  the  vertical  curves,  this 
being  taken  as  the  channel  velocity  for  computing  capacity. 

The  width  of  the  channel  at  the  measuring  section  was  care- 
fully measured  with  a  steel  tape  and  calipers  and  the  depth  of 
water  observed  at  each  velocity  observation  or  thirty-two  times 
an  hour.  The  channel  width  in  feet  multiplied  by  the  average 
depth  of  water  gave  the  area  and  this  times  the  mean  velocity 
g^ave  the  capacity  in  cubic  feet  per  second. 

The  density  of  sewage  pumped  was  tested  by  a  hydrometer 
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and  by  weighing  a  known  volume  and  was  usually  slightly 
heavier  than  pure  water. 

The  indicated  horse  power  was  obtained  from  the  cards  in 
the  usual  manner. 

The  suction  and  discharge  heads  were  observed  every  fifteen 
minutes  thruout  the  test. 

The  duty  was  obtained  by  transforming  the  capacity   from 


cubic  feet  per  second  to  cubic  feet  per  twenty-four  hours,  mulc^ 
plying  by  the  weight  per  cubic  foot  of  sewage,  and  the  total  he^^* 
pumped  against  and  dividing  by  the  thousands  of  pounds  ^t= 
commercially  dry  steam  used  by  the  engine. 

i  )ti  the  two  sewage  pumps,  the  guaranteed  duty  was  gs.ooC^^ 
ooo  ion  pounds  of  work  done  per    1.000  pounds  commercial      J 


TEST    WORK    AT    CHICAGO  S    PUMPING    STATION'.  37 

dry  steam  and  the  two  storm  pumps  85,000,000  with  a  bonus  of 
$1,000  for  each  1,000,000  foot  pounds  in  excess  of  the  guarantee. 
Approximately  $20,000  bonus  has  been  earned  on  each  of  the 
three  units  tested. 

The  preparations  for  the  tests  presented  some  interesting 
problems  and  difficulties,  especially  on  the  water  end,  which 
could  not  be  dwelt  on  in  this  general  article  and  which  were  over- 
come only  after  a  great  deal  of  experiment  and  hard  work. 

In  conclusion,  it  would  be  well  to  call  attention  to  the  fact 
that  most  of  the  foregoing  descrptive  matter  of  the  tests  applies 
most  directly  to  the  75  cubic  feet  per  second  sewage  pumps,  some 
s''ght  alterations  being  made  in  the  apparatus  for  the  250  cubic 
feet  per  second  storm  pumps. 


RECORDS. 

BY  E.  E.   HOWARD,   WITH   WADDELL  &  HEDRICK,  CONSULTING  BRIDGE 

ENGINEER,    KANSAS    CITY,    MO. 

The  making  of  records  is  one  of  the  most  interesting  habits 
of  civilized  man.  This  habit  has  contributed  more  than  anv 
other  one  of  his  activites  to  the  development  of  intellectual 
power,  knowledge  and  science.  The  applications  of  science  to 
the  processes  of  human  industry,  which  constitute  engneering, 
depend  for  their  accuracy  and  efficiency  very  largely  upon  the 
kind  of  records  that  experimenters  and  research  workers  keep 
of  their  discoveries.  And  to  still  further  narrow  this  universal 
field,  in  which  record-making  plays  such  an  important  part,  the 
making  and  keeping  of  records  of  strictly  engineering  enter- 
prises is  fundamentally  necessary  to  the  conduct  of  the  work 
with  that  precision,  economy,  and  ultimate  usefulness  which 
should  mark  the  efforts  of  a  nnn  trained  to  do  a  thing  in  the 
best  way.  The  young  engineer  who  apprehends  the  importance 
which  accurate  and  well-kept  records  play  in  the  conduct  of  all 
engineering  business,  and  who  early  fits  himself  to  do  his  own 
part  well,  in  what  record-making  has  to  be  done  by  himself,  as 
a  beginner  as  well  as  in  more  responsible  positions,  will  increase 
his  usefulness  as  an  engineer  and  perhaps  avoid  some  of  those 
sins  of  omission  which  rise  up  to  block  every  man's  course  of 
advancement. 

An  able  railway  engineer  and  manager  recently  said,  "In 
the  modern  management  of  railway  and  manufacturing  plants, 
efficient  results  are  obtained  by  the  abilitv  to  tell  definitely  the 
relative  efficiency  of  men,  methods,  machinery  and  appliances, 
by  some  unit  of  measure.  On  a  steam  railroad  the  unit  of  meas- 
ure is  what  it  costs  per  ton  per  mile  to  handle  freight."  Her 
further  observed,  that  at  the  inception  of  a  great  undertaking, 
"The  first  object  is  to  train  men  to  keep  those  costs,  and  to  keep> 
them  accurately. '' 

As  engineering  hns  to  do  with  all  branches  of  science  and 
business,   there   are    records  to   make   of   many   different  kinds- 
When  an  engineer  prepares  a  design,  as  a  banker  he  has  records 
of   money ;   as  a  merchant   records   of  prices;  as  a  bookkeeper 
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records  of  costs ;  as  a  railroader  records  of  tariffs ;  as  a  producer 
records  of  materials ;  as  a  manufacturer  records  of  manufactures ; 
as  a  lawyer  records  of  law ;  as  an  artist  records  of  eternal  fitness ; 
as  a  historian  records  of  achievement;  and  as  a  poet  records  of 
his  own  imagination.  ■ 

Engineering  is  not  wild  guessing;  it  is  materialized,  syste- 
matized, scientific  Miiagimng.  In  addition  to  being  able  to 
imagine  what  may  be  done,  an  engineer  must  have  the  records 
of  what  has  been  done :  for  only  so  can  such  imagining  be  scien- 
tifically economical.  It  would  be  a  sad  thing  if  each  inventor 
had  to  go  back  to  the  beginning  and  repeat  all  the  work  of  his 
predecessors. 

My  desire  is  to  outline  something  of  the  records  an  engineer 
may  be  interested  in,  from  perhaps  a  slightly  different  point  of 
view  than  the  reader  has  heretofore  had.  Many  of  the  articles 
written  on  records  consist  of  a  bewildering  number  of  examples 
of  ''forms  used,,,  leaving  little  coherent  impression  of  the  prin- 
ciples of  record  keeping.  So  many,  so  universal  are  to  be  records 
to  be  made  by  the  engineer,  so  constantly  does  he  make  them, 
and  so  wide  are  the  ramifications  that  the  work  assumes,  that  I 
can  but  direct  attention  to  a  general  view  of  the  subject,  with  a 
few  illustrations.  If  you  determine  in  your  own  mind  the  neces- 
sity and  importance  of  this  part  of  your  work,  your  own  in- 
genuity will  develop  the  details. 

Take  for  example  a  single  structure  from  its  inception  to  its 
completion.  Assume  it  is  a  bridge.  Somebody  calls  on  the 
engineer  to  find  out  about  building  the  structure,  and  the  records 
begin.  Letters  are  the  first  record.  Then  comes  examination  of 
the  site,  and  investigation  of  bridges  in  a  similar  position.  The 
preliminary  report,  a  preliminary  estimate  of  some  sort,  more 
letters,  record  of  decision  to  build,  surveys  and  borings  with 
records,  designs  with  records,  specifications,  drawings  (records 
themselves),  records  of  contracts,  records  of  construction,  records 
°f  field-work,  monthly  estimates,  records  of  acceptance,  final 
record  of  completed  structure, — and  you  have  left  your  engineer 
"ttle  time  but  to  make  records. 

It  is  not  necessary  for  the  young  engineer  to  wait  until  he  is 
^Hed  on  to  do  some  large  work,  before  he  begins  to  make 
records  in  line  with  his  chosen  profession,  for  he  cannot  proceed 
at   ^U  without  this  record-making  being  thrust  upon  him. 

Records  are  made  for  information,  to  preserve  and   convey 
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thought.  It  is  axiomatic  to  say  that  the  record  should  be  clear 
and  plain.  Records  are  for  others  as  well  as  ourselves.  If  the 
thought  is  worth  recording  at  all,  it  should  be  done  in  such 
fashion  that  it  will  convey  information  of  a  definite,  intelligible 
sort.     Here  are  two  primary  principles  in  record-making : 

Records  are  for  information. 

Paper  is  cheap. 

Legibility  is  of  first  importance,  and  should  be  attained,  even 
though  it  is  sometimes  troublesome  and  expensive  to  do  so.  A 
commonplace  subject  which  deserves  attention  is  good  hand- 
writing. Writing  is  good  if  it  is  legible,  whatever  the  style  of 
penmanship,  and  no  amount  of  ornate  capitalization  will  atone 
for  subject  matter  that  cannot  be  easily  read.  Legible  and 
orderly  writing  and  figuring  will  advance  the  beginner  in  the 
estimation  of  everyone  with  whom  he  has  business.  The  time 
when  a  young  engineer  will  have  his  own  stenographer  to  take 
care  of  the  legibility  of  his  correspondence  and  records  may  be 
far  distant ;  it  is  worthy  of  careful  consideration  that  almost  the 
first  immediate  connection  the  beginner  will  have  with  en- 
gineering will  be  making  his  part  of  certain  records,  and  in  that 
part,  hand-writing  and  figuring  will  be  the  main  factors.  By 
"write"  I  do  not  mean  literary  composition,  but  merely  the 
mechanical  act  of  "tracing  or  inscribing  symbols  or  ideographs." 

Assuming  then  a  serviceable,  legible  system  of  characters, 
here  is  another  important  principle  of  record-making. 

SYSTEMATIC    ARRANGEMENT. 

An  orderly  allotment,  a  systematic  arrangement  of  symbols, 
of  characters,  of  words,  terms,  and  of  every  detail  of  a  record, 
is  essential  to  make  that  record  complete.  Accuracy  is  enhanced 
by  a  symmetrical,  methodical  apportionment  and  classification  of 
data ;  while  a  record,  however  complete,  if  put  together  in  a 
chaotic,  ill-arranged  way,  may  lead  to  confusion, — and  the  pur- 
pose of   records   is   information,   easy,   accurate   information. 

The  next  important  principle  of  record-making  is  perma- 
nence. Of  all  deplorable,  unsystematic  habits  of  record-making, 
none  is  so  bad  as  the  making  of  desultory  notes  on  loose  sheets. 
Records  should  be  kept  in  books,  or  bound  into  books,  or  some 
workable  substitute.  In  some  of  the  large  drafting  rooms  of  the 
structural  shops  of  this  country,  every  mark  of  a  pencil  is  re- 
quired to  be  put  down  in  a  scratch-book ;  each  and  every  simple 
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arithmetical  operation,  all  so  they  can  be  found  when  the  in- 
evitable checking  up  comes.  Too  often  it  happens,  if  notes  are 
made  on  such  nondescript  sheets,  that  they  are  misplaced  or  lost 
even  before  they  are  old ;  and  one  is  forced  to  the  undignified 
and  annoying  attitude  of  looking  in  the  waste-basket.  Such  a 
necessity  in  an  engineeering  work  is  an  indication  of  a  lamentable 
lack  of  system;  for  engineering  information  should  be  recorded 
so  as  to  be  available.  To  quote  from  two  well-known  passages 
in  literature,  "Order  is  Heaven's  first  law,"  and  "What  thou 
seest  write  in  a  book." 

I  have  had  to  take  a  dozen  small  pieces  of  paper,  torn  off  a 
little  scratch-pad  neither  numbered  nor  marked  by  headings,  and 
by  successive  alternative  arrangements  find  from  them  the  notes 
to  determine  sizes  and  elevations  for  the  abutments  of  a  bridge. 
It  would  be  superhuman  if  such  practices  did  not  lead  to  errors 
and  subsequent  expense,  for  straightening  out  preventable  errors. 

As  well  as  forcing  some  systematic  arrangement,  an  addi- 
tional advantage  books  have  is  that  they  are  a  step,  at  least, 
toward  permanency.  The  necessity  for  permanency  in  many 
records  that  have  to  do  with  the  expenditure  of  money,  your 
own  or  some  other  man's,  is  so  well  recognized  by  good  business 
men  that  every  engineer  should  feel  his  own  obligation  to  keep 
his  own  records  in  permanent  shape. 

All  are  familiar  to  some  extent  with  the  usual  field-books  for 
engineer's  records,  and  with  forms  for  certain  notes. 

It  is  customary  and  in  accord  with  every  idea  of  order  to 
have  similar  notes  follow  a  set  standard.  But  even  these  stan- 
dards are  oftentimes  arranged  and  filled  in  in  such  a  way  that 
no  one,  even  the  maker,  can  after  a  lapse  of  time  determine  the 
meaning  of  the  notes. 

The  field  notes  of  a  survey,  of  a  pile-driving  outfit,  of  a 
force-account,  of  anything,  ought  to  contain  all  the  information 
at  hand  in  some  sensible  arrangement.  For  instance,  a  pile- 
recorder  may  proceed  to  systematically  designate  the  piles  in  the 
bents  as  No.  1,  2,  3,  4,  and  5,  and  that  may  be  clear  in  the 
notes;  while  you  may  search  in  vain  to  find  whether  he  counted 
from  the  east,  west,  north  or  south. 

It  not  infrequently  happens  that  the  preliminary  draft  of 
notes  of  some  kind  must  be  made  hurriedly,  or  under  circum- 
stances which  prevent  a  perfectly  satisfactory  final  record  being 
prepared  at  the  time.     The  trouble  and  expense  of  doing  some 
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piece  of  preliminary  work  all  over  again  may  arise  from  losing 
all  or  a  portion  of  a  set  of  notes  before  they  have  been  put  in 
permanent  shape.  The  first  notes,  too,  should  always  be  kept  so 
that  they  can  be  referred  to  when  necessary,  for  confirmation. 

Field  notes  should  be  concise  yet  comprehensive.  In  making 
them,  everything  should  be  put  down  that  the  taker  thinks  will 
be  needed,  and  then  all  the  things  he  thinks  he  will  remember. 
They  should  contain  all  the  facts  of  the  matter  in  hand,  yet  they 
should  be  to  the  point  and  concise.  But  the  conciseness  must 
not  be  carried  to  the  point  of  leaving  out  information  which 
another  person  would  need  in  checking  over  the  notes,  and  it  is 
from  the  standpoint  of  the  other  fellow  that  notes  should  gen- 
erally be  taken  and  kept.  Faulty  memories  show  themselves 
at  the  most  inconvenient  times;  the  employees  in  charge  of  cer- 
tain branches  of  work  change ;  and  the  only  safe  standard  is  to 
have  an  intelligent  record  that  any  intelligent  man  can  compre- 
hend. Two  words  need  not  be  used  where  one  would  serve,  but 
that  one  should  not  be  omitted. 

The  value  of  comprehensiveness  in  records  and  the  way  to 
secure  it  was  impressed  upon  my  mind  once  on  an  inspection 
trip,  when  examining  a  number  of  bridges.  The  engineer  whom 
I  accompanied  made  the  notes,  while  I  did  the  climbing  around, 
in  addition  to  which  I  made  my  own  notes.  Each  time  I  would 
be  through  and  impatient  to  move  on  to  the  next  bridge,  and  he 
would  still  be  writing  notes.  When  the  time  came  for  account- 
ing, and  the  notes  were  to  be  worked  up,  mine  were  decidedly 
lacking,  and  his  contained  information  which  I  had  instinctively 
left  to  memory,  and  of  course  a  fallible  memory. 

Comprehensiveness  without  discrimination  is,  of  course, 
"multiplying  words  without  knowledge."  Notes  may  be  made 
so  verbose  as  to  be  bunglesome,  bootless  labor,  just  as  is  the 
painstaking  gathering  of  witless  data. 

A  form  of  record  adaptable  to  all  engineering  work,  and  to 
all  engineers  from  the  student  to  the  specialist,  is  the  working 
diary.  Such  a  record  almost  never  comes  amiss ;  its  value  is  so 
well-known,  that  comments  are  almost  superfluous.  The  per- 
sistent regularity  with  which  a  diary  must  be  kept  going  is  ex- 
tremely trying,  yet  in  personal  satisfaction  over  the  absolute 
knowledge  it  gives  of  past  events,  which  a  diary  contributes  in 
such  degree,  it  repays  all  the  labor  expended.  In  case  of  dispute, 
such  a  record  is  almost  invaluable,  and  in  legal  affairs  it  is  ac- 


RECORDS.  43 

corded  marked  consideration,  even  if  merely  used  to  refresh 
memories  ever  growing  stale.  No  more  praiseworthy  habit  can 
be  formed  than  the  keeping  of  a  continuous  diary  of  facts.  No 
one's  life  is  so  bare,  but  there  are  matters  worthy  of  record,— 
facts  which  may  become  of  use.  A  personal  experience  on  the 
witness-stand,  where  a  small  diary  served  as  an  appreciated  staff, 
is  fresh  in  the  mind  of  the  writer,  and  served  to  impress  upon 
him  the  great  use  of  such  records. 

Letter  writing  and  correspondence  form  one  of  the  most 
universal  and  important  forms  of  record.  Letters  betray  char- 
acteristics to  the  distant  recipient,  neatness  or  slovenliness  of 
body  or  of  mind,  and  impress  him  for  or  against  us  inevitably. 
Moreover,  the  most  important  thing  in  any  business  transaction 
is  for  the  letter  to  convey  to  the  recipient  the  meaning  intended 
by  the  writer.  Use  the  words  that  will  convey  to  someone  else 
the  impression  you  want  to  make.  The  composition  of  a  letter 
must  conform  to  this  rule  to  be  effective.  When  you  get  through 
saying  something,  stop. 

When  you  send  away  a  record  of  yourself  into  the  hands  of 

another  person  at  a  distance,  you  ought  to  have  a  copy  of  that 

record   for  your  own  satisfaction  and  safety.     A  most  primary 

business  caution  that  can  always  be  practiced  with  benefit  is  the 

preservation  of  a  copy  of  all  letters  of  a  business  nature.     The 

copy  press  is  usually  available,  or  the  convenient  roll-book  may 

he  used. 

The  proper  filing  and  keeping  track   of  letters  has   among 

*iiodern  business  men,  reached  a  high  degree  of  efficiency.     A 

*~nethod  once  much  in  vogue  was  to  file  all  letters  received  al- 

F^habetically  and  consecutively,  and  an  answer  to  all  letters  would 

*">e  found  in  the  press  copy-book  of  the  same  date.     This  scheme 

^^ias  some  advantages,  but  is  now   largely   supplanted  by  filing 

"*-  "*  nder  subject  and  individual,  briefly  outlined  as  follows : 

To  each  letter  a  carbon  copy  of  the  reply  is  attached ;  and  it 

i  s  possible  immediately  to  trace  through  the  whole  correspond- 

^^"nce  on  a  given  subject.     Each  letter  written  deals  about  one 

*~*~xatter  preferrably.  or  about  allied   points  of  one  matter ;  and 

^■^"here  several  widely  different  subjects  are  to  be  attended  to.  a 

^•^parate  letter  is  to  be  written  on  each.     Take  for  illustration  a 

*  Manufacturing   concern — each    piece   of   work   will   be   given    a 

Contract  number  and  a  folder  provided  for  each  correspondent 

"Who  writes  about  that  contract ;  one  general  folder  or  drawer  or 
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box  is  provided  to  include  all  the  individual  folders,  and  the 
whole  correspondence  about  the  contract  is  at  once  at  hand. 
Often  you  see  on  business  letters  this  legend,  "Please  refer  to 
File  No.  — ."  And  often  also  a  line  stating  the  subject.  In  ad- 
dition to  the  carbon  copy  of  the  letter,  a  press-book  copy  is  kept. 
You  will  find  substantially  this  system  in  use  in  most  of  the  rail- 
road offices,  as  well  as  in  private  business  concerns.  Any  system 
of  filing  or  recording  correspondence  has  the  same  end  in  view, 
of  a  systematic  arrangement  of  the  records  to  secure  their  per- 
manence and  availability.  A  discussion  of  filing  is  equally  ap- 
plicable to  all  other  kinds  of  records,  as  well  as  to  letters.  Nu- 
merous systems  have  been  developed  and  are  in  use  for  keeping 
records  of  various  kinds.  The  best  system  for  a  given  case  is 
dependent  on  the  particular  phase  of  information  wanted  from 
that  record,  and  the  frequency  of  that  want.  These  two  factors 
must  be  approximately  determined,  and  a  filing  system  developed 
accordingly.  For  instance,  Tuttle  &  Pike  in  Kansas  City  do  a 
very  large  city  survey  business,  and  they  have  developed  a  sys- 
tem of  indexing  the  notes  of  their  innumerable  surveys  for  past 
years,  so  that  in  an  astonishingly  short  time  they  can  give  yon 
the  references  to  a  lot  corner  or  a  street  corner.  It  is  the  dailw 
maybe  hourly  occurrence  to  seek  such  references.  In  othc 
offices  of  slightly  different  scope  of  work,  this  careful  indexing 
of  street  references  is  not  necessary  or  desirable;  for  that  pai 
ticular  form  of  information  is  required  only  at  intervals,  and 
is  economical  to  spend  more  time  looking  for  a  reference  than 
much  time  in  the  preparation  of  an  index  to  be  but  seldom  use 

It  is  well  to  remember  that  indices  and  files  are  useful  onlv    ^ =*s 

they  lighten  the  total  labor  and  expenditure  of  time.     There       is 

no  sense  in   spending  more  time  in   sharpening  the  ax  than       "■^■lh 
cutting  down  the  tree. 

This  is  the  age  of  the  Card  Index.     It  confronts  us  on  ever: 
hand  ;  it  shouts  with  capital  letters  on  the  street-car  adverti^ 
ment,  and  everyone  knows  that  no  matter  what  he  has  to  fm  "M-  ^ 
no  matter  what  kind  of  data  he  is  troubled  with,  no  matter  hcr^^  "^v 
limited  or  extensive  his  filing  needs  may  be,  everything  is  p«    ^-v 
vided  for.     A  more  satisfactory  system  has  not  been  invented  ^r    ' 
but   in   becoming  enthusiastic   over   any   cataloguing  scheme,  ]i 

must  be  always  remembered  that  the  index  is  the  servant,  «~"*  *-* 
the  master;  the  means,  not  the  end. 

Drawing  as  a  means  of  recording  and  conveying  thought         1S 
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one  of  the  most  interesting  to  me  of  the  methods  of  making 
records.  To  originate  a  detail  or  combination  of  details,  and 
then  to  put  down  on  the  drawingboard  your  plan  and  your  detail 
so  as  to  carry  out  your  scheme,  is  a  most  engrossing  occupation. 
In  plans,  the  same  as  in  other  records,  the  identical,  axiomatic, 
obvious,  simple  rule  holds  sway.  The  record,  if  not  intended 
merely  for  personal  use,  must  convey  to  someone  else  a  meaning. 
The  humiliation  of  an  inexperienced  draftsman  whose  plan,  on 
being  manufactured  by  some  mechanic,  turns  out  different  from 
what  he  intended,  and  with  good  reason,  from  the  workman's 
standpoint,  is  not  the  only  unfortunate  result  of  a  drawing  which 
does  not  embody  data  so  arranged  as  to  be  understandable  by 
the  user  as  well  as  the  maker. 

One  matter  which  should  receive  care  in  plan-making  is  the 
mutual  correlation  of  various  parts.  Usually  in  an  extensive 
work,  contractors  or  mechanics  have  plans  only  of  their  par- 
ticular share,  and  build  in  accordance  therewith,  trusting  en- 
tirely to  the  detailer  that  their  portion  will  fit  to  the  work  of  the 
other  builders.  Especially  when  a  change  is  made  on  one  draw- 
ing or  on  one  detail,  it  should  be  traced  throughout  all  the 
parts  that  may  be  affected.  For  instance,  I  have  set  anchor- 
twits  according  to  substructure  plans,  only  to  find  later  that  the 
steel-work  would  not  fit,  a  mistake  due  wholly  to  limited  cor- 
rections. 

If  a  drawing  is  made  for  construction,  it  is  well  to  remem- 
ber that,  however  easy  it  may  be  in  the  drawing-room  to  spread 
three  or  four  sheets  out  on  a  desk  and  compare  from  one  to 
3.nother  to  find  one  lonesome  dimension,  it  is  an  entirely  different 
tiling  when  you  are  shoe-deep  in  mud,  with  the  rain  dripping  on 
>~our  print. 

A   plan  should   either   frankly  acknowledge  that  the  details 
3.  re  to  be  left  to  the  user,  or  else  should  give  every  detail  ex- 
actly.    If  the  former,  well  and  good ;  the  user  can  proceed  on  a 
t>asis  of  adapting  his  own   ideas,  and  the  maker  of  the  plans 
Will  become  a  smaller  and  smaller  factor  in  the  matter.     Unless 
it  shows  him  what  it  pretends  to,  a  plan  is  a  trouble  instead  of 
^    help;  unless  a  map  really  indicates  the  geographical  relations 
*t    is  supposed  to,  it  is  of  little  use.     There  is  some  discussion 
from  time  to  time  regarding  shop-drawings  for  structural  steel, 
^s  to  when  the  advantage  and  economy  of  making  them  ceases 
^nd  it  becomes  advisable  to  lay  out  in  the  shop  directly  without 
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templates.  The  same  general  proposition  is  met  with  in  any 
kind  of  drawing.  To  work  to  that  point  only  in  accuracy  of 
detail  which  will  be  of  advantage  to  the  ultimate  end,  should  be 
the  aim  of  the  plan-maker. 

In  the  main,  the  deficiencies  of  drawings  as  records,  aside 
from  the  matter  of  ordinary  mistakes  and  ordinary  errors,  are 
due  to  a  lack  of  conception  on  the  part  of  the  plan-maker  as  to 
how  the  user  of  the  plans  will  perform  the  work.  The  natural 
conclusion  is  that  onlv  the  man  who  has  done  the  class  of  work 
involved  can  properly  make  the  plan.  This  is  not  always  prac- 
ticable, but  it  is  always  possible  for  the  designer  and  detailer  to 
have  clearly  in  his  mind  just  how  he  would  take  each  step,  if  he 
were  to  follow  the  plan  and  build  thereto.  Sometimes  you  will 
come  across  the  plan  of  a  structure,  a  careful  examination  of 
which  will  show  that  it  has  been  made  so  that  it  will  be  utterly 
impossible  to  construct  the  work  by  any  known  method.  In  fact 
it  would  be  necessary  for  the  whole  edifice  to  spring  into  exist- 
ence at  once.  It  is  not  uncommon  to  find  in  steel-work  instances 
where  members  must  first  be  taken  apart  before  they  can  be  put 
together,  and  rivets  which  no  human  riveting  tool  can  drive.  I 
have  seen  plans,  supposedly  complete,  for  substructure  for 
bridges  and  arches,  from  which  it  was  not  possible  without  con- 
siderable additional  figuring,  to  proceed  to  the  laying  out  of  the 
work,  even  though  the  sheet  was  abundantly  supplied  with  di- 
mension lines  and  certain  dimensions.  If  the  maker  of  a  plan 
could  not  lay  out  his  work  from  his  own  drawings,  he  accords  a 
superior  wisdom  to  someone  else  to  make  anything  out  of  them. 

A  carefully  made  plan  is  certain  to  save  expense  in  time  and 
labor  by  having  the  thinking  out  done  only  once.  The  leading 
features  and  dimensions  should  be  given  the  most  prominence, 
and  the  lesser  followed  out  in  regular  order,  till  those  details 
are  reached  which  will  be  worked  out  in  less  time  by  the  user 
than  by  the  maker.  Above  all,  in  making  plans  intended  to 
convey  information,  there  must  be  information  to  start  with. 

An  important  form  of  record  for  promoting  the  advance- 
ment of  engineering  knowledge,  is  the  record  of  completed  work. 
Sometimes  the  anxiety  to  stop  expense  immediately  on  the  cessa- 
tion of  work  causes  records  to  be  left  in  an  unfinished  condition, 
and  at  later  times  this  turns  out  to  be  an  expensive  economy. 
Theoretically,  when  a  piece  of  work  is  finished,  the  records  of 
that  work  are  finished  also,  but  practiaclly  this  does  not  always 
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follow,  and  a  short  time  spent  in  indexing  and  arranging  work- 
ing notes  when  they  are  fresh,  will  save  much  time  later.    For 
instance,  it  may  at  some  time  be  of  importance  to  know  quickly 
just  how  deep  the  piles  of  a  certain  trestle  were  driven,  or  what 
load  a  certain  floor  was  figured  for,  or  what  pressure  per  square 
foot   was  allowed  on  certain  material,  or  even  who  inspected 
certain  work.    The  idea  sometimes  expressed,  that  now  we  have 
our  building,  or  bridge,  or  embankment,  or  cut,  we  can  look  at 
them  and  tell  how  big  they  are,  is  so  unwise  that  its  prevalence 
is  surprising.    When  a  work  is  completed,  the  best  thing  is  either 
to  make  a  new  drawing  showing  the  structure  as  built,  or  better, 
perhaps  and  cheaper,  is  to  take  the  tracing  of  the  original  plan, 
and  mark  "As  built"  on  each  governing  dimension,  and  give 
data  of  revision,  in  no  case  erasing  the  original  plan.     For  it 
sometimes  happens  that  after  a  lapse  of  time  plans  are  looked 
up  for  some  data  as  to  the  existing  structure,  and  it  is  easy  to 
confuse  the  actual  with  the  original  plan,  it  being  rare  indeed 
that  a  plan  is  carried  out  in  detail  as  at  first  contemplated.    Aside 
from  the  personal  value  of  a  record  of  completed  work,  there 
is  a  value  to  the  profession  at  large.    It  is  essential  that  records 
l)e  made  of  complete  work,  so  that  it  may  be  studied  later  as  a 
fcasis  for  the  general  engineering  information  which  we  all  de- 
pend on  for  the  advancement  of  the  profession. 

The  criticism  may  be  made  that  the  keeping  of  such  ex- 
haustive records  is  so  expensive,  and  demands  so  much  time  and 
attention,  that  after  all  it  is  not  worth  the  pains  necessary  to 
Iceep  it.  Records,  of  course,  are  utilitarian.  Every  engineer 
Tnust  determine  for  himself  how  far  he  will  go,  and  how  com- 
pletely he  will  keep  his  records.  The  purpose  of  this  article  is 
"to  emphasize  the  prime  importance  of  record-making  in  general, 
and  the  characteristics  it  must  possess  to  be  valuable  as  record- 
matter.  The  various  branches  of  the  science  of  record-taking 
a.nd  keeping  can  be  determined  by  each  engineer  as  he  goes 
aJong,  and  he  must  decide  where  to  draw  the  line  between  ex- 
pense and  completeness  of  record.  But  he  should  realize  that 
the  record  is,  in  general,  one  of  the  most  important  features  of 
an  engineering  undertaking,  and  that  the  ability  of  making  ap- 
propriate records  for  a  given  piece  of  work,  is  something  he 
should  devote  himself  to  acquiring. 

To  summarize  the  principles  the  writer  considers  important 
to  keep  in  mind  in  the  making  of  engineering  records,  the  fol- 
lowing points  may  be  mentioned : 
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Records  are  for  information,  therefore  they  should  be 

Legible, 

Concise,  and 

Comprehensive. 

To  which  end  there  should  be  skillfully  made  symbols,  or- 
derly, systematic  arrangement,  and  definite  ideas  of  information 
desired. 

Thev  should  be 

Permanent, 

Accurate,  and 

Intelligible. 

It  may  be  borne  in  mind  that  memory  is  fallible;  paper  is 
cheap;  that  books  were  invented  to  keep  together  loose  sheets; 
that  if  a  record  is  correct  one  time,  it  usuallv  never  needs  to  be 
made  over  again;  the  only  safe  rule  is  to  make  the  record  entirely 
complete  when  preparing  it.  To  be  usable,  records  should  be  so 
filed  and  stored  as  to  be  available;  for  the  beginning  where  w 
start,  and  the  ending  where  we  finish,  has  the  one  criterion, 

RECORDS  ARE  FOR  INFORMATION, 

and  the  test  for  a  record  is 

WILL  THIS  INFORM? 

Record-making  is  but  one  of  the  details  of  our  profession,  t> 
perfecting  that   detail   will  be  of  advantage,  on  the  whole, 
order  that   past   achievements   may  be   surpassed,   that  the 
served  confidence  and  status  be  accorded  our  profession,  in 
minds  of  the  general   public,  and   that  more  economically 
more  efficiently  the  great  forces  of  nature  may  be  utilized 
the  advantage  of  mankind. 


THE  open-circuit  and  short-circuit  charac- 
teristics OF  THE  INDUCTION  MOTOR. 

BY  V.   L.    HOLLISTER,    INSTRUCTOR   IN    ELECTRICAL   ENGINEERING. 

The  open-circuit  characteristics  of  the  induction  motor  some- 
times called  the  "excitation"  curves  are  two  in  number,  plotted 
as  in  figure  i.    Curve  A  is  plotted  between  E  M  F  and  current 
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with  the  former  as  abscissae.  Curve  B  shows  the  relation  exist- 
ing between  the  watts  input  and  impressed  E  M  F  using  watts 
as  ordinates. 

Figure  2  is  similar  to  figure  1.  Curves  C  and  A  correspond- 
ing, and  curves  D  and  B  being  plotted  similarly.  The  curves 
of  figure  2,  however,  are  platted  from  the  readings  taken  on 
short  circuit. 

The  data  for  plotting  figure  1  is  obtained  by  running  the  in- 
duction motor  light,  without  load,  and  impressing  various  volt- 
ages on  its  primary  winding  from  20#  above  normal  to  a 
smaller  value  just  sufficient  to  turn  the  rotor  in  its  bearings. 
The  least  voltage  possible  to  supply  the  motor  with  enough  en- 
ergy to  keep  the  rotor  revolving  will  probably  be  such  a  value 
as  O  P  on  the  curve.  The  corresponding  watt  input  will  be 
represented  by  the  ordinate  P  B,  such  energy  supplying  the 
friction  and  windage  of  the  motor  plus  the  iron  and  copper 
losses.  At  zero  impressed  voltage  there  would  be  no  iron  nor 
copper  loss,  and  as  we  assume  that  the  friction  and  windage 
remain  constant,  extending  the  watt  curve  to  the  axis  of  ordi- 
nates as  at  C  gives  the  value  (O  C)  of  friction  and  windage 
loss.  Extending  C  H  parallel  to  O  T  we  find  the  energy  input 
S  L  at  normal  voltage  O  S  and  subtracting  S  H,  the  friction  and 
windage,  we  obtain  H  L  the  iron  and  copper  loss.  The  current 
intake  at  normal  voltage  is  S  M.  The  angle  of  lag  0  of  the 
magnetizing  current  S  M  is 

SL 

0  =  cos-1  = 

OS  X  SM 

If  we  knew  the  resistance  of  the  primary  of  the  motor  we 
might  easily  obtain  the  input  into  the  rotor  for  any  load,  since 
we  can  measure  the  input  into  the  primary  and  it  is  possible  to 
compute  the  losses  and  subtract  them.  That  is,  we  may  sub- 
tract from  the  input  primary  the  PR  primary,  neglecting  the  so- 
called  load  losses,  and  thus  obtain  the  input  into  the  secondary. 
Now,  if  we  can  obtain  the  losses  in  the  secondary  and  subtract 
them  from  the  input  secondary  it  will  be  possible  to  figure  the 
efficiency  of  the  motor. 

There  are  two  losses  from  the  secondary,  the  heat  loss  and 
the  friction  and  windage. 

The  value  of  the  latter  has  been  found,  but  to  obtain  the 
former  we  must  know  the  resistance  secondarv.    The  latter  mav 
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obtained  very  easily  for. a  wound  secondary;  for  a  squirrel 
rotor,  however,  direct  measurement  is  impossible.  The 
r-^sistance  of  such  a  winding  may  be  obtained,  however,  as  ex- 
plained later. 

The  data  for  plotting  figure  2  is  obtained  by  blocking  the 

r<z>tor  of  the  motor,  *.  e.,  clamping  the  revolving  member  of  the 

motor  so  as  to  prevent  rotation.     Increasing  voltages  are  then 

2Lp>plied    to   the    primary   windings    from   approximately    5^    of 

normal   pressure  to  a  voltage   such  that  not  more  than    150^ 

full  load  current  will  flow  through  the  windings.    The  maximum 

pressure  possible   to  fulfill   the   above   condition   will   probably 

never  be  more  than  50^  of  the  normal  value  for  which  the  motor 

was  designed.     The  current  which  would  flow  at  full  normal 

voltage  is  obtained  by  direct  proportion  since  the  curve  is  a 

straight  line.     The  watt  intake  may  likewise  be  figured  since 

the  watts  intake  vary  directly  as  the  square  of  the  impressed 

voltage. 

The  current  intake  for  full  voltage  as  is  figured  above  is  an 
Jndex  to  the  starting  torque  of  the  motor,  when  the  power  factor 
IS  taken  into  account.  More  useful  to  the  designer,  however, 
IS  the  relation  between  the  current  intake  at  full  voltage  blocked 
rotor  and  the  current  S  M  for  full  voltage  obtained  from  figure 
1  -  The  leakage  coefficient  (  <r  )  sigma,  is  a  quantity  which 
f°^d  design  demands  to  be  made  as  small  as  possible.  Its  value 
lS  obtained  by  dividing  the  value  S  M  by  the  starting  current 
°*   the  motor — the  full  voltage  blocked  rotor  current. 

It  is  from  the  short  circuit  characteristic  that  we  may  obtain 
"^  resistance  of  a  squirrel  cage  secondary.  At  a  voltage  im- 
pressed such  as  O  G  the  corresponding  watt  input  is  GN.    The 

cv*rrent  input  is  G  Q.  ,  If  we  subtract  the  PR  primary  =  GQ  X 
**>  from  the  watts  input  G  N  we  obtain  the  watts  PR  loss 
secondary.  Dividing  the  latter  value  by  the  square  of  the  primary 
current  gives  the  secondary  resistance  reduced  to  primary  by  the 
square  of  the  ratio  primary  turns  to  secondary  turns  or  simply 
reduced  to  the  primary  circuit. 

The  value  obtained  above  is  not  strictly  accurate  since  there 
is  a  small  amount  of  iron  loss  even  at  the  very  reduced  voltage 
0  G.  The  smaller  we  take  O  G,  however,  the  more  insignificant 
will  the  error  become. 

A   relation   which   interests   the   designer   is   obtained    from 
figure  i.    The  line  O  H'  is  drawn  from  O  tangent  to  curve  B.   It 
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cuts  the  normal  voltage  line  S  M  at  J.  The  line  J  L  is  a  measure 
of  the  iron  losses  in  the  motor,  while  the  line  H  J  is  a  measure 
of  the  losses  in  the  air  gap,  i.  e.,  the  exciting  energy  necessary  to 
overcome  the  reluctance  of  the  air  gap  for  the  given  density  of 
magnetic  lines. 

Having  obtained  the  above  characteristics  and  data  for  a 
motor  it  is  possible  to  compute  the  theoretical  efficiency  of  the 
motor  for  any  output.  Suppose  we  wish  an  output  of  Z  horse 
power,  what  input  into  the  motor  will  be  necessary? 

The  input  will  necessary  be  Z  X  746  +  PR  primary  +  PR 
secondary  plus  the  friction  wattage  H  S.  The  corresponding 
efficiency  of  that  output  must  be 

Eff  = Z  X  746 

Ma        HP  X  746  +  1%  +  PR,  +  HS 

The  torque  of  the  motor  is  expressed  by 

T  =  7.04  [ZX  746] +IaR, 
Synchronous  speed. 

The  use  of  the  above  data  as  outlined  to  determine  the  per- 
formance of  the  motor  is  not  to  be  encouraged  except  as  a  ready 
check  for  less  careful  work,  or  in  lieu  of  the  absence  of  available 
apparatus  to  make  a  prony  brake  or  rated  generator  test.  The 
data  and  characteristics  obtained  above  would  enable  the  de- 
signer to  construct  the  Heyland  or  circle  diagram  for  the  induc- 
tion motor.  From  the  latter  every  detail  of  the  performance 
could  be  obtained.  I  refer  the  interested  reader  to  anv  of  the 
standard  books  on  alternating  current  motors  for  a  complete 
description  of  the  circle  diagram  for  the  induction  motor. 

One  who  is  familiar  with  the  testing  of  direct  current  ma- 
chinery will  appreciate  the  difference  between  such  tests  and 
the  usual  "stray  power"  tests  on  alternating  current  machinery. 
The  latter  in  nearly  ever}-  case  consist  of  obtaining  the  data  for 
the  open  circuit  and  short  circuit  characteristics.  Alternators  are 
driven  from  a  rated  motor  or  thru  a  dvnamometer,  and  the 
power  necessary  to  drive  them  on  open  circuit  is  found  for 
various  values  of  excitation.  The  machine  is  next  driven  under 
reduced  field  current  with  the  armature  short  circuited  thru 
an  ammeter.  From  the  latter  readings  the  power  necessary  to 
supply  the  copper  losses  and  the  load  loss  is  obtained. 

For  the  test  of  a  transformer  the  same  characteristic  curves 
are  obtained  from  which  the  full  performance  of  the  transformer 
is  obtained.    Such  curves  are  shown  in  figures  3  and  4. 


INDUCTION    MOTOR. 


The  relation  referred  to  above— that  where  the  secondary 
resistance  may  be  found  from  the  short  circuit  characteristic,; — is 
nicely  illustrated  by  calculations  based  on  data  taken  from  the 
curves  shown  in  figure  4  (page  54). 

The  resistance  of  the  primary  of  the  transformer  was  meas- 
ured by  the  fall  of  potential  method.  It  is  taken  as  27.4  ohms. 
From  the  short  circuit  characteristics  the  following  data  are 
taken  from  points  on  the  curves : 


For  point  No.   1  the  secondary  resistance  is  calculated  as 


5'.'.2  —27.4—24.8 
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24.8  =  secondary  resistance  reduced  to  the  primary  by  the  square 
of  the  ratio  of  primary  to  secondary  turns.  The  transformer 
used  for  this  test  had  a  ratio  of  20: 1,  therefore 

24.8 

~=  062 

20 


larly  for  point  Xo.  2  the  secondary  resistance  is  obtained 

r.'5,-27.4li  =  .0606 
L.B42  J  20" 
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and  for  point  No.  3 

rJL-a — 27.4I  i = .06 — 

L  .42  J  20 

These  figures  are  tabulated  in  column  No.  5  and  are  to  be 
compared  with  the  value  of  the  resistance  for  the  secondary  of 
this  transformer  found  by  direct  measurement. 

This  example  shows  the  accuracy  that  may  be  expected  from 
the  above  method  when  applied  to  the  induction  motor  with  the 
squirrel  cage  rotor. 

The  efficiency  of  the  above  transformer  is  readily  calculated 
for  any  load.  The  core  loss  is  obtained  by  noting  the  watts 
input  at  normal  voltage  with  open  circuited  secondary  and  sub- 
tracting from  the  same  the  copper  loss  for  the  current  input  at 
that  voltage.  When  the  core  loss  has  thus  been  determined,  the 
primary  resistance  measured,  and  the  resistance  secondary  meas- 
ured or  calculated  as  above,  the  efficiency  may  be  calculated  from 
the  formulae. 

„~   Input  —  core  loss  —  copper  losses 

Input 

At  no  volts  on  the  above  curve  the  core  loss  is  found  to  be 
59  watts  less  T92  X  .06  =  58.64  watts  core  loss.  Call  it  58  watts. 
The  Westinghouse  transformer  No.  313658,  capacity  2  K.  W.,  as 
tested  above  showed  a  full  load  efficiency,  neglecting  full  load 
magnetizing  current  of  — 94.8^.     It  is  calculated  as  follows : 

„       2000  --  58  —  T92  X  .06  +  .95*  X  27.4       Q .  Q 
Eff*  =  2000 =94'8 


THE  CROSSED  ARM  FLYBALL  GOVERNOR. 

BY  G.  L.   HEDGES,  'OJ. 

The  theory  of  the  crossed  arm  type  of  flyball  governor  may 
be  considered  the  general  theory  for  flyball  governors.  The 
advantage  of  this  type  over  the  ordinary  type  with  the  point  of 
support  of  the  arms  in  the  axis  of  revolution  is  that  it  may  be 
designed  so  as  to  be  more  nearly  isochronous  and  therefore  will 
govern  more  closely.  The  effect  of  a  central  load  on  this  type  of 
governor  is  the  same  as  with  the  ordinary  type,  namely,  a  small 
change  of  speed  produces  a  larger  movement  of  the  balls  with  a 
high  speed  of  rotation,  and  the  governor  is  more  powerful. 


Let  the  figure  represent  the  diagrammatic  skeleton  of  a 
crossed  arm  flyball  governor  of  the  pendulum  type. 

P  =  Point  of  support  of  the  arm  of  the  pendulum. 

A  A  —  Axis  of  revolution. 

R  =  Distance  of  the  point  of  support  P,  of  the  arm  of  the 
pendulum  from  the  axis  of  revolution. 

L  =  Length  of  the  pendulum  arm. 

/*  =  Height  of  the  cone  of  revolution. 

r  =  Radius  of  rotation  of  the  flyballs. 

For  any  given  governor  R  and  L  are  constants.  For  any 
constant  speed  of  rotation  the  ball  revolves  at  a  corresponding 
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distance  r  from  the  axis  of  revolution,  the  centrifugal  force  F, 
pulling  it  out  being  balanced  by  the  weight  of  the  ball  W  acting 
downward. 

Taking  moments  about  0 

Wr 
FXA  =  WXr  or  F=  —  (i) 

h 

47r2«2rW 

also  F  =  (2) 

g 

t       r       Wr       4"2n2r\X 
therefore  —=—  = (3) 

g 
from  which  h  = — -^— 2  where  h  —  height  of  the  cone  of  revolution 

n  =  revolutions  per  second. 
It  will  be  evident  from  an  examination  of  the  figure  that  H 

equals  0  for  two  values  of  0  namely,  0=0  and  0  =  cos-1  -  .    There 

must  therefore  be  a  value  of  6  =  6C  where  h  would  have  a  maxi- 
mum value,  between  these  values  of  0. 

From  the  figure  /*  =  L  sin  6  —  R  tan  0  (4) 

dh 
,0  =  L  cos  6  —  R  sec20  (5) 

dh 
For  //  to  be  a  maximum  put  — ^  —  0. 

then  L  cos  0  =  R  sec20  (6) 


cos  $c  =     ,  and  Bc  =cos-1 — -}  (7) 

L*  Ls 


sin  Bc  = -j and  tan  8C  -= -l 

L1  R1 

substituting  these  values  in  (4)  we  get 


V  i  i         t>5-%  rl    T  i         T>  i 


.         r»-  L^-R'l         r»  L'-RM 

maximum  //  — -  L  I     —    -j I — Kl . |  — 

W  IN. 

t  r        2  2  -.  .1 

[L*— R«]* 

» 

As   n   varies  as  -j  this  value  of  /*  determines  the  lowest  speed  at 

// 

which  the  governor  will  operate. 
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This  value  of  $c  at  maximum  h  in  (7)  may  be  called  the 
critical  angle.  When  $  is  greater  than  $e  with  increase  of  speed 
the  balls  swing  out  and  A  decreases  until  the  system  is  in  equi- 
librium. Should  the  speed  drop  so  that  $  is  less  than  $c ,  k  also 
would  decrease  (when  for  equilibrium  it  should  increase)  F  X  A 
would  become  less  than  W  X  r  and  the  balls  would  fall  to  the 
stop.  If  the  speed  were  now  increased  again,  when  it  reached 
the  value  corresponding  to  the  value  of  A  at  the  stop  the  balls 
would  start  to  rise;  A  would  increase  instead  of  decreasing, 
F  X  A  would  become  greater  than  W  X  r  and  the  balls  would 
fly  up  past  $c  to  the  point  where  the  decrease  in  A  made  F  X  A 
=  W  X  r  when  we  would  again  have  equilibrium.  This  type  of 
governor  should  have  a  stop  to  prevent  the  balls  dropping  below 
the  position  of  maximum  A. 

The  table  gives  the  values  of  Nc  and  $c  for  several  different 
combinations  of  L  and  R.  It  sometimes  requires  considerable 
"cut  and  try"  figuring  to  find  the  best  combination  for  any  par- 
ticular case. 


L  = 

6" 

8" 

10" 

12" 

15" 

18" 

R 

n,  ec 

n,  ee 

n,  ec 

nc  ec 

nc  ec 

N,  $e 

0" 

77  90°00' 

66  90°00/ 

69  90°<XK 

68  900  cxy 

48  90°  (W 

44  90°  (W 

y/tt 

88  09  60 

71  72  00 

62  73  00 

67  74  00 

60  75  00 

46  76  00 

yhi 

90  64  00 

76  66  80 

66  68  10 

60  60  80 

68  71  00 

47  72  00 

V' 

100  66  80 

82  60  00 

71  62  20 

63  64  00 

66  66  00 

60  67  00 

2" 

121  47  80 

96  61  00 

79  64  00 

|  70  67  00 

60  69  00 

68  61  00 

8" 

161  88  00 

118  44  00 

192  48  00 

79  61  00 

66  64  00 

58  66  00 

4" 

226  29  00 

189  37  00 

108  42  20 

89  46  00 

78  60  00 

62  62  00 

5" 

892  20  00 

182  80  40 

124  87  20 

100  42  00 

79  46  00 

67  49  00 

6" 

ao  00  00 

244  26  80 

149  82  00 

115  88  00 

87  42  00 

72  46  00 

STEAM   TURBINES  AND   TURBINE  TESTING. 

BY   L.   A.   SHELDON,    '05.      GENERAL  ELECTRIC  CO. 

In  designing  any  machine  we  cannot  rely  entirely  on  theoreti- 
cal data  and  formulae.  Although  these  of  course  play  an  im- 
portant part  it  is  not  safe  to  trust  entirely  to  such  information  for 
theory  and  practice  do  not  necessarily  coincide.  Many  things 
look  well  on  paper,  but  when  actually  built  and  tried  do  not 
come  up  to  expectations.  This  is  often  the  case  when  experi- 
mental data  is  lacking  or  incomplete.  The  steam  turbine  is  per- 
haps as  dependent  upon  experimental  data  for  its  success  as  any- 
thing else. 

The  idea  of  the  turbine  is  very  simple.  Steam  impinges  on 
vanes  or  buckets  on  the  outer  circumference  of  a  wheel  and 
causes  it  to  revolve.  The  main  difficulty  experienced  is  due  to 
the  high  velocity  of  the  steam.  Suppose  we  expand  from  175 
pounds  gage  down  to  28  inches  vacuum.  The  steam  will  assume 
a  velocity  of  about  4,000  feet  per  second.  Assuming  that  the 
most  efficient  wheel  velocity  is  aproximately  one-half  of  the  jet 
velocity,  you  will  see  at  a  glance  that  the  wheel  velocity  is  be- 
yond the  limits  of  practicable  mechanical  construction.  No  wheel 
could  revolve  with  a  rim  speed  of  2,000  feet  per  second  and  stay 
together  long. 

De  Laval  used  a  single  wheel  with  one  or  more  jets  of  steam 
and  by  making  his  wheel  very  thick  near  the  hub,  and  arranging 
the  shaft  so  that  it  was  flexible  between  the  bearings,  permitting 
the  wheel  to  rotate  about  its  center  of  gravity,  he  was  able  to  get 
very  high  speeds.  Intermediate  gears  were  then  necessary  to 
bring  the  speed  down  to  working  limits. 

Parsons  used  the  reaction  type  of  turbine  having  one  set  of 
nozzles  and  a  great  many  moving  and  stationary  blades,  the 
steam  expanding  as  it  passed  from  one  to  the  other.  This  neces- 
sitated very  small  buckets  at  one  end  and  very  large  ones  at  the 
other.  It  also  gives  considerable  end  thrust  which  is  taken  care 
of  by  having  a  drum  or  dummy  without  buckets  and  the  size  of 
the  wheel  revolving  with  it  as  a  counter  balance. 

The  Curtis  turbine  has  the  process  of  expansion  divided  up 
into  stages.     Each  stage  has  a  set  of  nozzles  and  two  or  three 
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wheels  with  stationary  blades  between  them.  The  steam  being 
expanded  in  each  stage  through  only  a  portion  of  the  whole 
range,  does  not  attain  such  high  velocities  and  hence  the  turbine 
can  be  run  at  a  much  lower  speed  without  materially  affecting 
its  efficiency.  Increasing  the  number  of  stages  will  increase  the 
working  efficiency  of  the  steam  up  to  a  certain  point  where  the 
increase  in  rotation  loss  due  to  the  added  stage  more  than  equals 
the  gain  in  efficiency.  The  larger  Curtis  turbines  built  by  the 
General  Electric  Co.  are  five  stage  machines  with  a  bucket  speed 
of  460  feet  per  second. 

Now  in  designing  our  turbine  let  us  take  for  example  a  ma- 
chine of  the  Curtis  type.  (The  other  types  would  present  some 
slight  variations.)  The  first  thing  that  confronts  us  is  a  matter  of 
angles  both  in  the  nozzles  and  wheels.  The  steam  must  always 
enter  the  Wheels  without  shock.  Then  comes  the  size  of  nozzle. 
Of  course  this  depends  to  some  extent  on  the  power  to  be  de- 
veloped, but  each  nozzle  must  not  be  too  small  or  the  nozzle 
friction  will  be  excessive.  Then  comes  the  matter  of  clearances, 
of  pitch  of  buckets,  of  bucket  heights,  of  radial  clearance  so  that 
the  steam  will  not  spill  over  the  side  of  the  bucket.  Then  too  we 
must  find  out  how  many  wheels  to  use  per  stage,  the  most  effi- 
cient speed,  etc.  It  will  be  seen  at  a  glance  that  here  is  a  vast 
amount  of  work  for  the  tester.  Of  course  some  of  this  can  be 
calculated  or  estimated,  but  these  calculations  should  be  care- 
fully checked  up  by  test.  To  do  this  it  is  well  to  have  a  small 
machine  in  which  different  wheels  and  nozzles,  and  combinations 
can  be  tried  out  under  different  conditions  of  speed  and  different 
ranges  of  pressure.  It  goes  without  saying,  that  the  tester  must 
of  necessity  be  extremely  accurate.  He  must  at  all  times  know 
the  exact  assembly  of  the  machine.  He  must  be  sure  of  the  align- 
ment of  wheels  and  intermediates  and  of  course  all  instruments 
used  must  be  carefully  calibrated  so  that  there  can  be  no  doubt 
as  to  their  accuracy.  Tie  should  at  any  time  if  called  upon  to  do 
so  be  able  to  check  his  tests  within  one  per  cent. 

Since  the  rotation  loss  of  our  experimental  machine  will  be  a 
much  larger  percentage  of  loss  with  a  small  load  than  with  a 
large  one  it  will  be  well  to  deduct  this  in  our  comparisons.  This 
can  easily  be  done  by  having  an  auxiliary  turbine  to  which  just 
enough  steam  is  supplied  to  keep  the  machine  at  the  desired 
speed.  Then  all  the  steam  which  goes  into  our  main  turbine  will 
come  out  as   work   at   the  brake   and  we  can   easily  figure  our 
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bucket  efficiency.  That  is  the  efficiency  independent  of  the  fric- 
tion of  the  machine. 

Complete  tests  on  rotation  loss  will  also  be  desirable.  Wheels 
having  different  bucket  heights,  etc.,  can  be  run  in  an  atmos- 
phere of  steam  at  different  pressures  and  the  former  necessary 
to  rotate  them  noted  in  each  case.  From  these  tests  formulae  for 
rotation  loss  can  be  readily  deduced. 

Having  now  our  data  we  should  be  able  to  go  ahead  and 
design  our  turbine  intelligently.  From  our  tests  we  have  found 
say  a  two  wheel  combination  to  give  the  highest  efficiency  and 
this  is  say  under  five  stage  conditions.  So  we  will  build  our  ma- 
chine with  five  stages  and  two  wheels  per  stage  having  as  near 
as  possible  the  same  amount  of  work  produced  per  stage.  To  do 
this  it  will  obviously  be  necessary  to  leave  a  greater  available 
energy  for  the  first  stage  than  for  the  other  stages  as  the  first 
stage  will  revolve  in  steam  of  about  50  pounds  gage,  so  that  the 
rotation  loss  will  be  quite  large.  The  other  stages  which  are  re- 
volving in  steam  of  very  low  pressure  or  else  in  high  vacuum 
have  a  very  small  rotation  loss  and  hence  will  not  give  us  much 
trouble.  It  may  be  best  to  design  the  first  stage  as  a  four  stage 
machine  and  the  other  four  as  a  five  stage  machine  or  perhaps 
the  second  stage  should  have  a  little  larger  proportion  of  work 
assigned  to  it.  You  can  readily  see  that  a  great  many  good  com- 
binations can  be  arranged  and  only  very  careful  consideration 
will  determine  which  is  best.  Even  after  our  machine  is  built  we 
can  sometimes  vary  our  stage  pressures  and  effect  a  considerable 
gain.  Any  gain  even  though  slight  will  save  a  good  many  dol- 
lars on  the  coal  pile  in  a  year's  time. 

Thus  it  will  be  seen  that  the  tester  is  quite  necessary  not  only 
in  building  turbines,  but  also  in  testing  the*  finished  machine  so 
that  the  customer  may  know  that  he  is  getting  what  he  pays  for. 

The  steam  turbine  is  without  doubt  the  steam  engine  of  the 
future.  Its  operation  is  simple  and  it  gives  very  little  trouble 
while  in  economy  and  range  of  operation  it  is  much  superior  to 
the  reciprocating  engine.  The  best  water  rate  ever  produced  by 
any  steam  engine  was  on  an  8,000  K.  W.  Curtis  Turbine  at  the 
Fisk  street  station  of  the  Chicago  Edison  Co.,  which  in  test  de- 
livered to  the  switchboard  8,000  K.  W.  at  a  steam  consumption  of 
12.8  pounds  per  K.  W.  hr.  This  is  an  equivalent  of  about  8^4 
pounds  per  I.  H.  P. 


NOTES  ON  THE  DESIGN  OF  ORE-HANDLING 

BRIDGES. 

ALFRED  BOYD,  INSTRUCTOR  IN   CIVIL  ENGINEERING. 

The  annual  production  of  steel  in  this  country  is  more  than 
ten  million  tons.  This  large  output  has  been  made  possible  by 
improvements  in  all  the  processes  of  production  from  start  to 
finish.  It  is  nowhere  more  noticeable,  probably,  than  in  the 
methods  of  handling  the  ore.  When  we  consider  that  four- 
fifths  of  the  iron  ore  taken  out  in  this  country  comes  from  the 
Lake  Superior  mines,  and  is  transported  five  or  six  hundred 
miles  by  lake  boat  and  railroad  car  to  the  furnaces,  being  re- 
loaded several  times,  it  is  evident  that  only  the  most  economical 
handling  makes  it  possible  for  the  steel  trust  to  sell  its  product 
at  present  prices  and  still  pay  a  very  decent  dividend. 

The  appliances  for  loading  and  unloading  this  ore,  and  for 
manipulating  the  finished  product  are  exceedingly  interesting 
from  the  standpoint  of  the  mechanical  engineer,  calling  for  the 
exercise  of  all  his  skill,  ingenuity  and  resourcefulness.  It  is  to 
some  of  their  structural  features,  however,  that  I  wish  to  call 
attention.  This  article  will  be  confined  to  ore-handling  bridges 
and  some  of  the  interesting  points  in  their  structural  design. 
They  can  be  seen  at  any  of  the  lake  ports  where  ore  is  trans- 
ferred from  boats  to  railroad  car  or  stockpile,  and  at  various 
points  in  the  interior  where  it  is  again  rehandled  before  charging 
in  the  furnaces.  They  differ  in  design  according  to  location  and 
work  to  be  done,  and  according  to  the  individual  fancy  of  the 
designer. 

In  all  of  these  the  ore  is  handled  by  means  of  a  bucket  which 
is  hoisted  and  moved  to  and  fro  across  the  bridge.  The  bridge 
also  has  a  movement  at  right  angles  to  its  length.  There  are 
thus  three  motions  to  provide  for:  i.  Hoisting.  2.  Trollying. 
3.  Bridge  travel. 

Most  of  the  unloaders  of  the  bridge  type  may  be  divided 
roughly  into  two  classes.  In  the  first  all  the  operating  machinery 
is  placed  in  the  machinery  tower,  and  all  the  movements  of  the 
bucket  and  trolley  are  controlled  by  ropes  passing  over  sheaves. 
In  the  second,  the  operator  travels  with  the  trolley,  and  the  ma- 
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chinery  for  manipulating  bucket  and  trolley  moves  back  and 
forth  across  the  bridge.  Each  of  these  systems  has  its  advan-  |:n 
tages.  In  the  second  the  operator  has  at  all  points  an  unob- 
structed view  of  the  bucket  and  better  control  of  its  operations; 
but,  on  the  other  hand,  the  moving  load  on  the  bridge  is  greatly 
increased,  requiring  a  much  heavier  structure.  Where  the  ope- 
rator travels  with  the  load,  the  power  is  supplied  by  means  of 
electric  wires  traversing  the  bridge  from  end  to  end.  The  cab 
containing  the  controllers,  and  in  which  the  operator  stands,  is 
attached  to  the  trolley  frame. 

Several  of  the  more  usual  types  of  structures  are  shown 
diagrammatically  in  figures  i,  2,  5,  and  6. 

The  stresses  coming  upon  the  various  parts  of  the  bridge  and 
its  supports  are  divided  as  follows: 

1.  Dead  load  stresses  due  to  the  weight  of  the  structure. 

2.  Live  load  stresses  due  to  the  moving  trolley  and  its  load. 

3.  An  allowance  for  impact. 

4.  Wind  stresses. 

5.  Pull  of  the  ropes  (with  a  rope-driven  trolley). 

6.  Tractive  effort  of  trolley  on  track   (with  an  electrical 
driven  trolley). 

7.  All  stresses  due  to  the  machinery,  reactions  of  shaft  st*V 
ports,  bridge  drive,  etc. 

The  dead  load  weight  of  the  bridge  per  lineal  foot  ran'^ 


between  100  and  400  pounds  in  most  cases,  depending  on  s. 
and  amount  of  moving  load.     If  we  have  not  the  weight  or 
similar  structure  already  built  with  which  to  make  compari 
the  following  formula  may  be  used  to  determine  the  appro 
mate  weight  per  foot. 

W 

w  =  100  H 

In  which  w  —  wt.  of  steel  in  bridge  per  foot  of  span. 

W  =  wt.    of    loaded    trolley    not    including   impact 

allowance.     • 
1  =  length  of  span  in  feet. 
This   should   be   checked   with   the   weight  of  the  complete 
design,  and  correction  made  if  there  is  too  great  a  variation. 

The  moving  load  on  the  bridge  varies  from  3,000  pounds  to 
30,000  pounds,  depending  upon  the  capacity  of  tHte  bucket,  and 
on  whether  the  trolley  is  rope  driven  or  self  propelled.  In  the 
latter  case,  the  moving  load  includes,  besides  the  weight  of  the 
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loaded  bucket,  the  weight  of  motors,  gears,  hoisting  drums,  con- 
trollers, cab,  and  trolley  frame. 

For   determining   the  allowance    for   impact   the   following 
formula  is  perhaps  as  rational  and  easy  of  application  as  any : 

1  =  L  x  l^K 
L+D 

where  I  =  allowance  for  impact 
L  =  live  load  stress 
D  =  dead  load  stress 

The  computation  of  the  live  load  stresses,  by  finding  the  max- 
imum moments  and  shears,  presents  no  especial  difficulty.  The 
live  load  is,  in  general,  divided  between  two  axles.  The  maxi- 
mum live  load  shear  in  any  panel  occurs  when  one  of  these  axle 
loads  is  at  the  adjacent  panel  point.  In  trusses  with  polygonal 
chord,  like  the  inverted  bow-string  truss  shown  in  figure  I,  this 
shear  is  divided  between  the  web  and  inclined  chord  member. 
This  truss  is  one  that  is  frequently  used  with  a  rope  driven 
trolley.  The  counters,  it  will  be  noticed,  extend  across  the  en- 
tire span.  In  the  truss  shown  in  figure  I  the  vertical  members 
are  made  of  gas  pipe,  varying  in  diameter  according  to  stress 
and  ratio  of  length  to  radius  of  gyration.  The  top  chord  is 
composed  of  two  laced  channels,  the  bottom  chord  of  flat  plates, 
the  diagonals  of  round  rods  with  turn-buckles.  One  advantage 
in  the  use  of  the  gas-pipe  struts  and  round  rods  is  that  they  de- 
crease the  effect  of  wind  pressure. 

The  floor-beams  from  which  the  track  is  hung  also  serve  as 
struts  in  the  top  lateral  system.  There  is  no  bottom  lateral 
bracing  in  this  case,  the  construction  being  similar  to  an  in- 
verted pony  truss.  Sometimes  the  track  on  which  the  trolley  runs 
is  suspended  below  the  trusses,  instead  of  between  them,  as  in 
the  instance  just  mentioned.  This  permits  of  both  top  and 
bottom  diagonal  bracing,  and  gives  a  stiff er  construction.  A 
cross  section  of  this  type  is  shown  in  figure  4.  Sometimes  the 
two  trusses  are  inclined  so  as  to  form  the  two  sides  of  an  equi- 
lateral triangle,  thus  having  but  one  top  chord.  This  is  illustrated 
in  figures  2  and  3.  In  figure  3  the  vertical  struts  and  diagonal 
rods  are  connected  to  the  chords  at  the  panel  points  by  means 
of  steel  castings.  In  figure  2  the  angles .  forming  the  top  chord 
are  joined  by  means  of  a  curved  trough-shaped  plate.  One  ob- 
jection to  this  triangular  arrangement  is  the  inefficient  bracing 
of  the  compression  chord,  an  objection  which  prejudices  most 
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designers  against  the  pony  truss  in  railway  bridge  construction. 
Sometimes  the  bottom  chord  is  also  made  to  serve  as  a  track 
for  the  trolley,  as  in  figure  8.  The  fiber-stress  due  to  the  bending 
must  then  be  added  to  the  direct  tension,  to  determine  the  maxi- 
mum stress.  In  this  case,  however,  the  effect  of  continuity 
should  be  considered,  thus  cutting  down  the  effective  span. 

In  any  case,  whether  the  wheels  run  directly  on  the  bottom 
chords  or  on  tracks  suspended  below  them,  there  must  be  effi- 
cient track  bracing  to  take  care  of  the  lateral  thrust  of  the  load. 
That  this  thrust  may  be  considerable  is  evident  from  the  follow- 
ing computation.  Figure  4  shows  a  cross  section  of  a  truss  in 
which  the  trolley  runs  on  a  track  suspended  below.  Assume 
weight  of  trolley  and  load  at  20,000  pounds,  and  that  the  bridge 
is  moving  in  the  direction  indicated  by  the  arrow,  at  a  speed  of 
300  ft.  per  minute.  Suppose  that  the  bridge  is  stopped  and 
brakes  set,  so  as  to  bring  structure  to  rest  in  a  distance  of  10 
feet.  Three  hundred  feet  per  minute  equals  5  feet  per  second. 
The  energy  of  the  loaded  trolly  in  the  direction  of  bridge  travel 

„      Wv2      20,000  X  (5. Y      0_r    ft  A  ,.    , 

E  =-£—  =  —!■ -^  v   -  =  8,000  ft.  lbs.  approx.  Assume  that 

the  wheels  are  single  flanged  and  that  this  load  is  brought  to 
rest  by  the  pressure  of  its  track  on  the  wheel  flanges  at  point 
marked  P.  If  this  pressure  acts  through  a  distance  of  10  feet 
its  average  amount  =  8000  -r-  10  =  800  pounds.  This  is  the  force 
to  be  considered  in  determining  lateral  strength  of  top  flanges  of 
track  stringers  and  strength  of  track  bracing. 

The  track  must  also  be  braced  longitudinally.  In  figure  7 
assume  the  moving  load  at  20,000  lbs.,  coefficient  of  friction  of 
the  wheels  on  rails  at  .20.  Then  the  force  F  =  .20  X  20,000  = 
4,000.  which  is  the  longitudinal  thrust,  divided  between  the  two 
tracks,  giving  2,000  pounds  as  the  horizontal  component  of  stress 
in  one  track  brace.  If  the  tracks  are  provided  with  rail  stops, 
the  bracing  should  be  made  strong  enough  to  resist  the  shock 
of  the  loaded  trolley  striking  the  stop  when  going  at  full  speed, 
as  this  is  likely  to  occur,  though  a  careful  operator  will  avoid 
such  shocks.  These  stops  (see  figure)  are  usually  made  curved, 
either  of  steel  or  cast  iron,  and  bolted  to  the  track.  The  radius 
of  the  curve  is  greater  than  the  radius  of  the  wheel-tread,  so  that 
the  wheel  mounts  the  curve  instead  of  striking  it  directly,  (see 
figure  9.)     The  force  of  gravity  is  thus  made  to  assist  in  bring- 
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ing  the  load  to  rest.  If  W  =  weight  of  moving  trolley  and 
load,  in  pounds,  v  =  its  velocity  in  feet  per  second ;  then  the 
energy  in  the  moving  body  = 

If  one-half  of  the  total  weight  is  on  the  two  front  wheels, 
then  the  distance,  d,  which  these  wheels  will  have  to  be  raised 
in  order  to  bring  the  body  to  rest 

~~fy     :    2  —  g 

If  the  trolley  were  moving  5  feet  per  second  when  it  hit  the 
stop,  the  distance 

d  =  ^ = .  781  =  9f  inches. 

In  cases  of  high  trolley  speed,  it  is  not  practicable  to  consume 
»  all  of  the  energy  in  this  way,  and  the  stop  and  track  bracing 
must  be  made  strong  enough  to  withstand  the  blow. 

There  is  also  another  class  of  stresses  to  be  provided  for. 
Where  the  bridge  is  driven  from  machinery  at  one  end,  there  is 
a  shaft  passing  across  the  bridge  and  down  the  shear  leg  with 
universal  couplings  and  bevel  gears,  to  the  trucks  of  the  far  end. 
On  account  of  the  torsion  of  the  shaft  or  the  unequal  slipping  of 
the  wheels  on  the  rails,  one  end  of  the  bridge  is  likely  to  advance 
ahead  of  the  other,  thus  introducing  stresses  at  the  connection 
of  bridge  to  tower  and  shear  leg.  In  figure  1  this  is  avoided  by 
the  use  of  a  pivoted  saddle,  allowing  rotation,  and  also  permit- 
ting the  shear  leg  to  incline  slightly  from  the  vertical.  In  cases 
where  the  span  is  comparatively  short  the  structure  is  made  per- 
fectly rigid,  and  the  bracing  must  be  made  stiff  enough  to  resist 
this  distortion,  as  in  figure  5. 

In  connection  with  the  details  for  all  steel  work  carrying  ma- 
chinery, it  should  be  kept  in  mind  that  mere  provision  for  the 
static  loads  carried  is  not  sufficient.  Standard  connections  for 
beams  and  channels  are  seldom  adequate.  Care  should  be  taken 
to  secure  rigidity  in  all  directions  in  which  the  shock  or  jar  of 
machinery  tends  to  produce  distortion. 

Structures  of  this  kind  are  undergoing  constant  change  and 
improvement.  The  purpose  of  this  paper,  which  is  far  from  ex- 
haustive, has  been  to  describe  some  of  the  common  types  and  to 
suggest  some  of  the  problems  which  confront  their  designer. 


PRESENT  APPLICATIONS  OF  THE  COOPER-HEWITT 

MERCURY  RECTIFIER. 

BY  J.  B.  GIBBS,  '05.     WESTINGHOUSE  ELEC.  AND  MFG.  CO. 

The  problem  of  getting  direct  current  from  alternating  cur- 
rent has  been  an  important  one  ever  since  the  advantages  of  al- 
ternating currents  for  power  distribution  have  been  recognized. 
Until  recently,  the  only  solution  of  the  problem  was  by  means  of 
rotary  converters  or  motor-generator  sets,  and  the  announce- 
ment of  a  static  rectifier  for  alternating  currents  opened  the  way 
for  large  economies  in  certain  directions.  In  its  present  state  of 
development  the  mercury  rectifier  does  not  compete  with  the 
rotary  converter  or  motor-generator  set  where  large  currents  are 
to  be  handled;  but  for  small  currents  at  any  voltage  it  shows 
results  considerably  better  than  the  revolving  machines. 

In  what  follows,  it  is  attempted  to  give  a  description  of  two 
commercial  applications  of  the  mercury  rectifier.  Theoretical 
questions  are  touched  upon  only  in  so  far  as  is  necessary  to  make 
the  action  of  the  apparatus  clear. 

The  rectifier  proper  is  a  large  glass  bulb  from  which  the  air 
has  been  exhausted.  It  contains  a  small  amount  of  mercury,  and 
is  provided  with  the  necessary  terminals.  The  negative  electrode 
passes  through  the  glass  at  the  bottom  of  the  bulb  and  connects 
to  the  mercury  inside,  and  the  two  positive  electrodes  are  fused  in 
the  glass  at  the  top  or  sides.  At  the  low  pressure  which  obtains 
in  the  bulb,  a  part  of  the  mercury  is  vaporized  and  forms  a  con- 
ducting path  between  the  electrodes.  The  utility  of  this  device 
lies  in  the  fact  that,  when  no  current  is  flowing,  the  surface  of 
the  negative  electrode  is  the  seat  of  a  very  high  resistance,  which 
disappears  as  soon  as  a  current  is  started.  No  such  resistance  is 
offered  at  the  surface  of  the  positive  electrode.  The  action  is  as 
though  a  check  valve  were  placed  on  each  electrode,  permitting 
the  free  passage  of  current  from  electrode  to  the  vapor,  but 
preventing  the  passage  of  current  from  the  vapor  to  the  electrode. 
When  a  bulb  is  in  operation,  it  may  be  conceived  that  the  valve 
on  the  lower  terminal  is  broken,  while  those  on  the  two  upper 
terminals  are  working  normally.  Current  then  flows  freely  from 
either  of  the  upper  electrodes  to  the  lower,  but  cannot  flow  in  the 
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opposite  direction,  nor  can  it  flow  from  either  of  the  upper  elec- 
trodes to  the  other. 

To  start  the  bulb,  the  high  negative  electrode  resistance  must 
be  broken  down  at  the  surface  of  the  mercury,  and  this  may  be 
accomplished  in  any  one  of  several  ways. 

If  a  sufficiently  high  voltage  be  applied  to  the  bulb,  the  nega- 
tive electrode  resistance  will  be  broken  down  and  a  current  will 
be  started ;  but  at  the  instant  when  the  current  starts  the  resist- 
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ance  of  the  circuit  will  fall  from  a  very  high  value  to  a  very  lo-v 
one,  comparatively,  and  the  result  will  be  a  rush  of  current 
which  will  destroy  the  bulb.  Bulbs  are  occasionally  broken  in 
service  by  an  abnormal  rise  of  voltage  which  starts  a  short  cir- 
cuit between  the  two  positive  electrodes. 

Another  way  of  starting  is  to  put  a  band  of  tinfoil  around 
the  outside  of  the  bulb  at  tlio  height  of  the  surface  of  the  mer- 
cury and  connect  it  to  one  of  the  upper  terminals.  A  static  charge 
is  thus  induced  on  the  surface  of  the  mercury,  and,  if  the  differ- 
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ence  of  potential  is  sufficient,  the  negative  electrode  resistance  is 
broken  down  and  a  current  is  allowed  to  start. 

A  third  method  is  to  design  the  bulb  with  two  pockets  at  the 
bottom.  Each  is  nearly  full  of  mercury  and  has  an  electrode 
fused  in  the  glass.  A  low  voltage  is  connected  between  these  two 
terminals,  and  the  bulb  is  tilted  until  mercury  flows  from  one 
pocket  to  the  other.  When  this  momentary  short  circuit  is  broken 
a  spark  is  produced  which  breaks  down  the  negative  electrode 
resistance  and  allows  the  current  to  start.  The  low  voltage  re- 
ferred to  is  often  furnished  by  a  small  starting  transformer  de- 
signed to  give  a  limited  current  when  its  secondary  is  short 
circuited. 

The  last  method  of  starting  is  the  one  generally  used,  and  is 
the  most  reliable,  although  the  second  method  is  sometimes  em- 
ployed. 
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Fig.  2. 

Figure  1  shows  a  bulb  for  use  on  high  tension  circuits.  The 
positive  electrodes  are  enclosed  in  glass  tubes  bent  at  an  angle 
and  open  at  the  end,  the  object  being  to  make  a  long  path  be- 
tween the  two  positive  electrodes  and  to  lessen  the  liability  to 
short  circuit.  The  bulb  has  two  electrodes  at  the  bottom,  and  is 
started  by  tilting. 

Figure  2  shows  the  connections  between  a  rectifier  bulb  and 
its  load.  Suppose  A  B  C  to  be  the  secondary  winding  of  a  trans- 
former connected  to  the  bulb  as  shown,  and  suppose  that  by 
some  means  the  negative  electrode  resistance  at  the  surface  of  the 
mercury  electrode,  D,  is  continuously  broken  down.    Then  at  the 
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instant  when  C  is  positive  and  A  is  negative,  current  will  flow 
from  C  throught  the  bulb  to  D  and  back  through  the  external 
circuit,  R,  to  B.  At  the  next  instant,  when  A  is  positive  and  C 
is  negative,  current  will  flow  from  A'  through  the  bulb  and  ex- 
ternal circuit  and  back  to  B.  No  current  will  flow  toward 
either  A'  or  C  in  any  case,  because  of  the  high  resistance  at  the 
surface  of  whichever  one  is  negative.  Thus  the  current  in  the 
external  circuit  is  always  in  the  same  direction,  while  the  two 
halves  of  the  transformer  winding  .work  alternately,  each  half 
delivering  an  impulse  downward  through  the  bulb  while  the 
other  half  is  idle.    The  shape  of  the  electro-motive  force  wave  in 
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the  circuit  D  B,  neglecting  the  effect  of  bulb  resistance,  is  shown 
in  figure  3  where  a  b  c  d  e,  etc.,  is  the  electro-motive  force  be- 
tween A  and  B  or  between  B  and  C,  figure  2.  It  is  seen  that  the 
effect  of  the  rectifier,  so  far  as  the  circuit,  R,  is  concerned,  is 
merely  to  reverse  the  negative  half  of  the  alternating  wave. 

If,  however,  the  current  through  the  bulb  falls  to  zero,  as  at 
c  and  e,  figure  3,  the  high  negative  electrode  resistance  is  in- 
stantly re-established  at  the  surface  of  the  mercury,  and  the  bulb 
ceases  to  operate,  or  "goes  out."  To  prevent  this,  means  must 
be  found  to  make  the  discharge  of  energy  through  the  bulb  con- 
tinuous. 
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Fig.  6. 


If  the  electro-motive  force  shown  in  figure  3  be  applied  to  a 
circuit  containing  inductance,  the  current  will  rise  more  slowly, 
than  the  electro-motive  force,  reach  its  maximum  later,  and  die 
out  more  slowly.  Figure  4  shows  such  a  current.  Each  wave  is 
held  over,  or  sustained  until  after  the  next  has  started,  and  the 
resultant  current,  shown  by  figure  5,  never  reaches  zero.  This  end 
may  be  attained  by  inserting  a  reactance,  or  "sustaining  coir'  in 
the  direct  current  circuit,  or  by  a  special  arrangement  of  the 
coils  in  the  transformer.  The  sustaining  coil  stores  energy  dur- 
ing the  period  of  maximum  current  and  restores  it  to  the  circuit 
during  the  period  of  minimum  current,  and  the  larger  the  induct- 
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ance  of  the  sustaining  coil,  i.  e.,  the  larger  the  amount  of  energy 
stored  and-  restored,  the  more  nearly  uniform  will  be  the  value  of 
the  direct  current.  This  becomes  an  ini|>ortant  consideration  if 
the  rectifier  is  to  be  used  in  connection  with  a  lighting  system,  as 
the  lights  will  flicker  if  the  fluctuations  of  the  rectified  current 
exceed  a  limited  amount. 


The  principal  uses  of  the  mercury  rectifier,  at  present,  are  for 
running  direct  current  arc  lamps  and  for  charging  storage  bat- 
teries. 

DIRECT   CfRREXT   ARC   LIGHTING. 

By  far  the  most  efficient  lamp  now  on  the  market  for  street 
lighting  is  the  metallic  flame  are  lamp.     It  is  essentially  a  direct 


COOPER-HEWITT    MERCURY    RECTIFIER. 


75 


current  lamp,  however,  and  must  be  run  from  constant  current 
D.  C.  generators  or  from  a  constant  current  rectifier  outfit. 

The  efficiency  of  a  constant  current  D.  C.  generator  is  in  the 
neighborhood  of  8ojtj,  and  if  driven  by  an  induction  motor,  as  is 
usually  the  case  in  large  plants,  the  efficiency  of  the  two  ma- 
chines is  about  70$.  The  efficiency  of  a  constant  current  rectifier 
outfit  for  the  same  service  is  from  8g#  to  92*  according  to  size. 


A  comparison  of  the  energy  required  for  several  lighting 
systems  follows.  It  is  assumed  that  alternators  are  the  source 
of  power  in  all  cases,  and  the  efficiencies  given  above  are  used.* 


System. 

Watts  at 
terminals. 

Watts  per 

A.  C.  bus  bars 

D.  C.  9.6  amp.  open  arc,  motor  and  generator. 

4  So 
480 

480 
480 
475 
275 

685 
535 
685 
535 
495 
305 

D.  C.  (1.6  amp.  enclosed  arc,  motor  and  gener- 

0.  C.  6.6  amp.  enclosed  arc  with  rectifier 

D.  C.  4     amp.  metallic  flame  arc  with  rectifier 

*See  article  by  C.  E.  Stephens,  Electric  Journal,  October,  [907. 
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It  is  thus  seen  that  the  metallic  flame  lamp  with  rectified  al- 
ternating current  saves  about  40^  of  the  energy  required  by  its 
closest  competitor,  the  enclosed  A.  C.  arc,  while  the  substitution 
of  rectifiers  for  constant  current  generators  and  induction  mo- 
tors, in  plants  running  D.  C.  arcs,  will  save  about  20ft  of  the 
energy  expended  at  present:  so  the  method  of  applying  the 
rectifier  to  this  service  becomes  a  question  of  interest. 
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Performance     Curves. 
A  Ampere    Constant     Current     Rectificr. 

Fia  IX. 

An  ordinary  constant  current  regulating  transformer  consists 
of  stationary  and  movable  coils  on  an  iron  core.  When  current 
flows,  the  coils  are  repelled  from  each  other  with  a  certain  force, 
depending  on  the  current,  and  this  force  and  the  weight  of  the 
moving  coil  are  balanced  by  a  counterweight.  Suppose  that  the 
resistance  of  the  secondary  circuit  be  decreased,  as  when  one 
of  the  lamps  is  short  circuited.  The  current  tends  to  rise,  but 
this  increases  the   repulsion  between  the  coils  and  they  move 
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farther  apart.  This,  in  turn,  increases  the  area  of  the  path  for 
magnetic  leakage  between  the  coils,  and  the  induced  voltage  in 
the  secondary  is  decreased  until  the  current  comes  back  to  its 
normal  value. 

Such  a  transformer  may  be  adapted  for  use  with  a  mercury 
rectifier  by  bringing  out  a  tap  from  the  middle  point  of  its 
secondary  coil.  A  small  starting  transformer  for  the  rectifier 
bulb  and  a  sustaining  coil  must  also  be  provided. 
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Figure  6  is  a  diagram  of  this  arrangement.  P  and  S  are 
respectively  the  primary  and  secondary  windings  of  a  constant 
current  regulating  transformer.  T  is  a  small  starting  trans- 
former with  the  ends  of  its  secondary  winding  connected  to  the 
two  terminals  at  the  bottom  of  the  rectifier  bulb,  and  the  middle 
point  connected,  through  the  sustaining  coil,  C,  to  the  positive 
side  of  the  direct  current  circuit.  The  primary  of  the  starting 
transformer  is  connected  to  the  auxiliary  coil,  A,  on  the  regu- 
lator, and  the  negative  side  of  the  direct  current  circuit  is  con- 
nected to  the  middle  point  of  S.  For  high  voltages  D.  C.  two 
rectifier  bulbs  in  series  are  used. 
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Figure  7  shows  the  interior  of  a  75-light  rectifier  outfit  manu- 
factured by  the  Westinghouse  Electric  &  Mfg.  Co.  The  two 
bulbs  are  held  in  wooden  boxes  supported  from  the  frame  of 
the  regulating  transformer.  The  terminals  of  the  bulb  are 
wired  to  contacts  in  the  base  of  the  box  and  there  are  corres- 
ponding contacts  on  the  strips  which  support  the  box  so  that  the 
bulb  is  connected  to  its  circuits  by  setting  the  box  in  place.  In 
the  photograph  one  of  the  boxes  is  raised  slightly  to  show  the 
contacts  on  which  it  rests.  The  regulating  transformer  is  de- 
signed so  that  no  sustaining  coil  is  necessary. 
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Fig.  11. 


Figure  8  is  a  view  of  a  50-light  outfit  made  by  the  same  com- 
pany, complete  with  its  tank.  If  constant  potential  alternating 
current  is  fed  to  leads  A  and  B,  constant  direct  current  will  be 
delivered  from  leads  C  and  D.  This  entire  line  of  rectifiers  is  oil 
cooled. 

Some  typical  curves  are  shown  in  figures  9  and  10.  Those  in 
figure  9  are  plotted  from  tests  on  a  50  lamp,  4  ampere  D.  C.f  60 
cycle  primary,  rectifier;  and  figure  10  is  plotted  to  scale  from 
oscillograms  taken  on  the  same  outfit. 

BATTERY    CHARGING. 

Rectifiers  for  charging  storage  batteries  present  no  features 
essentially  different  from  those  found  in  the  arc  lighting  outfits. 
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For  this  service  comparatively  large  currents  and  low  voltages 
are  required  and  the  form  of  the  bulb  is  modified  somewhat.  As 
there  is  very  little  danger  of  short  circuits  at  the  voltage  used, 
the  terminals  are  placed  closer  together  than  in  the  high  tension 
bulbs,  and  they  are  larger  on  account  of  the  larger  currents.  The 
starting  voltage  is  usually  provided  by  connecting  one  of  the 
upper  terminals  of  the  bulb,  through  a  high  resistance  and  a 
switch,  to  the  starting  terminal. 

In  charging  batteries,  both  the  current  and  voltage  should 
be  under  control,  and  as  the  cheapest  and  most  convenient  means 
of  accomplishing  this,  an  auto-transformer  is  employed.  It  is 
designed  for  connection  to  a  commercial  lighting  circuit,  and  is 
provided  with  taps  for  varying  the  voltage  supplied  to  the  bulb. 
No  separate  sustaining  coil  is  necessary,  as  its  function  can  be 
incorporated  in  the  auto  transformer. 

Figure  n  is  a  diagram  of  a  battery  charging  outfit.  The 
A.  C.  line  is  connected  to  the  leads  A  and  B,  and  the  battery  to 
be  charged  is  connected  to  C  and  D.  R  is  the  starting  resistance 
and  S,  the  starting  switch. 

This  method  of  battery  charging  is  replacing  other  methods 
and  bids  fair  to  have  almost  a  monopoly  of  the  field  on  account 
of  its  economy,  convenience,  and  reliability. 


THE  STUDENTS'  COURSE  AT  THE  ALUS-CHAL- 
MERS COMPANY'S  WORKS. 

BY  A.  G.   WESSLING,  SUPT.  OF  APPRENTICES. 

On  account  of  the  great  variety  of  products  manufactured  by 
Allis-Chalmers  Company,  its  student  apprentice  course  is  divided 
into  two  branches.  The  company  offers  a  course  in  mechanical 
engineering  at  its  Milwaukee  shops  and  a  course  in  electrical 
engineering  at  its  Cincinnati  shops.  Both  courses  have  been  care- 
fully arranged  in  such  a  manner  as  to  give  the  student  such  shop 
training  as  may  be  of  greatest  service  to  him  in  his  future  work, 
while  the  time  devoted  to  this  purpose  is  limited  to  two  years. 

The  work  in  the  mechanical  department  includes  practical 
experience  in  the  regulator  and  governor  departments  on  the  as- 
sembling and  erecting  floors,  and  in  the  gas  engine  and  steam 
turbine  departments. 

At  the  Cincinnati  works  the  student  is  employed  in  the  com- 
mutator, controller,  assembly,  erecting,  winding,  and  testing  de- 
partments, devoting  about  three  months  each  to  the  first  four 
departments  and  the  rest  of  the  time  to  the  last  two  departments. 

As  a  rule  most  students  are  always  anxious  to  get  out  of  the 
department  in  which  they  are  working  and  into  some  other  de- 
partment. They  do  not  seem  to  known  what  they  want  to  get 
out  of  their  course,  nor  what  particular  use  it  will  be  to  them  to 
understand  the  work  of  this  or  that  department.  It  would  be 
well  if  such  students  would  take  the  advice  of  those  whose  ex- 
perience has  taught  them  the  value  of  such  an  apprentice  course, 
and  would  take  it  for  granted  that  this  training,  simply  as  a 
training,  will  be  as  much  a  benefit  to  them  as  their  course  in 
mathematics  is  essential  as  a  part  of  their  proper  training  while 
at  college.  The  student  should  realize  that,  in  such  a  students' 
course,  he  has  an  opportunity  for  becoming  intimately  ac- 
quainted with  ordinary  shop  men,  with  the  complicated  systems 
of  shop  routine,  and  with  up-to-date  methods  of  manufacturing 
on  a  large  scale.  Such  opportunities  cannot  be  had  in  any  other 
way,  and  if  the  young  man  graduating  from  college  neglects  the 
opportunity  then,  he  will  realize  his  loss  only  in  after  years  when 
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he  feels  that  he  cannot  afford  the  time  required  to  take  up  such 

It  is  questionable  whether  any  engineer  would  say  that  his 
knowledge  of  some  particular  science  or  branch  of  mathematics 
has  been  of  special  value  to  him  in  his  engineering  work.  He 
simply  knows  that  the  mental  training  he  received  while  pur- 
suing the  course  in  calculus,  for  example,  aided  materially  in  his 
development  and  is  of  daily  service  to  him  in  his  work.  So  the 
man  who  has  taken  a  student  apprentice  course  in  the  shop  is 
unable  to  say  that  the  work  in  any  one  department  of  the  shop 
was  of  greatest  benefit  to  him,  but  he  appreciates  the  fact  that  the 
training  he  received  prepared  him  for  the  duties  to  which  he  was 
later  assigned. 


THE  COMPUTATION  OF  BACKWATER. 

O.  V.   P.   STOUT,   PROFESSOR  OF  CIVIL  ENGINEERING. 

The  following  is  proposed  as  a  basis  for  the  computation  of 
backwater  caused  by  dams  or  other  obstructions  in  flowing 
streams.  Referring  to  Figure  i,  which  represents  a  longitudinal 
section  of  the  stream,  we  have : 

h  =  the  increased  depth  at  any  point,  due  to  backwater. 

5*  =  the  original  slope  of  the  water  surface  at  the  same  point. 

s  =  the  slope  of  the  water  surface  at  the  same  point  after  this 
surface  has  been  raised  bv  a  dam  or  other  obstruction. 

L  =  the  distance  from  the  dam  or  other  obstruction  to  the 
same  point. 

The  following  relation  is  apparent,  being  true  at  any  point: 
dh  =  —  (5*  —  s)  dL,  from  which 

—  dL  =  -r±—dh 
S — s 

Now  if  a  curve  can  de  drawn  such  that  the  coordinates  of 
any  point  on  said  curve  are  h  and  -r respectively,  L  will  be 

represented  by  the  area  bounded  by  the  curve,  the  axis  of  h,  and 
lines  drawn  perpendicular  to  the  axis  of  h  through  the  points  on 
that  axis  which  correspond  to  h  at  the  dam  and  the  value  of  h 
for  which  L  is  to  be  determined,  respectively.  Figure  2  shows 
such  a  curve  drawn  for  the  simple  case  of  a  channel  of  uniform 
grade  and  cross-section.     It  is  of  course  asymptotic  to  the  axis 

upon  which   ~ is  measured.     If  produced  upward  it  will  be 

asymptotic  to  a  line  parallel  to  the  axis  of  h  and  distant  -^-,  there- 
from. 

If  h  at  the  dam  is  given  and  it  is  desired  to  find  the  distance 
from  the  dam  to  the  point  at  which  h  has  a  given  value,  it  is  plain 
that  the  problem  can  be  solved  directly  by  integration  to  ascer- 
tain the  above  described  area.  If,  however,  it  is  desired  to  know 
the  height  of  the  backwater  at  a  given  distance  from  the  dam, 
the  problem  must  be  solved  either  by  applying  a  cut  and  try 
process  to  figure  2,  or  else  figure  2  may  be  used  to  obtain  the 
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ata  for  the  construction  of  the  curve  in  figure  3,  from  which  h 
or  any  given  value  of  L  may  be  read  directly. 
For  the  case  of  a  channel  of  uniform  grade  and  cross-section 
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the  computations  preliminary  to  the  construction  of  figure  2  are 
simple.  We  have  given :  discharge  =  q,  depth  of  unobstructed 
flow  =  hot  and  S  =  the  grade  of  the  bed  of  the  channel,  a  con- 
stant; and  we  are  required  to  find  $  and  therefrom    ,»  for 

successive  values  of  total  depth  =  h0  +  h.  The  problem  as- 
sumes this  simple  form  in  the  case  of  checks  or  dams  in  a  canal, 
and  in  those  cases  in  which  the  absence  of  complete  surveys  on  a 
natural  stream  makes  it  necessary  to  assume  conditions  of  uni- 
formity  in  order  to  make  approximate  computations  of  back- 
water. 
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If  the  channel  is  a  natural  stream,  and  surveys  have  been 
made  which  give  the  longitudinal  profiles  of  the  stream  bed  and 
the  water  surface  for  unobstructed  flow,  and  cross-sections  of 
the  channel  have  been  taken  at  frequent  intervals  of  distance,  the 
procedure  is  as  follows :    Calculate  s  at  the  dam.    Assuming  this 
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value  of  s  to  obtain  until  the  first  measured  cross-section  above 
the  dam  is  reached,  calculate  h  at  this  cross-section.  For  this 
section  5  can  now  be  computed,  and  assuming  it  to  obtain  until 
the  second  section  above  the  dam  is  reached,  the  computations 
can  be  repeated  for  that  section.  The  process  can  be  extended 
toother  sections  in  succession.  As  soon  as  the  computations  for 
a  few  sections  have  been  made  the  curve  of  figure  2  should  be 
plotted  and  L  determined  from  the  figure  in  order  to  compare 
the  result  of  this  determination  with  the  actual  known  value  of 
L  at  the  measured  cross-sections.  It  is  not  to  be  expected  that 
they  will  agree  precisely.  In  any  case  in  which  the  departure 
from  regularity  of  natural  slope  and  section  is  not  too  extreme, 
the  value  of  L  obtained  from  figure  2  on  the  trial  construction  will 
be  greater  than  the  actual  known  value.  In  such  case  the  best 
method  of  correction  is  simply  to  move  up  on  the  curve  until  a 
point  is  reached  for  which  the  value  of  L  from  the  figure  is 
equal  to  the  known  value,  and  take  this  as  the  starting  point  for 
computations  to  construct  the  balance  of  the  curve. 


COMMERCIAL  CALCULATIONS  ON  TRANSFORMERS. 

■ 

C.   C.   MDOWELL,   '05,  POWER  AND  MINING  DEPARTMENT,  GENERAL 

ELECTRIC  CO.,  SCHENECTADY,  N.  Y. 

Some  of  the  methods  used  in  testing  transformers  and 
calculating  results  from  test  data  will  be  given  in  this  article, 
without  considering  any  questions  of  design.  The  methods 
of  testing  described  are  applicable  to  large  transformers,  say 
50  Kw.  and  over.  For  very  small  transformers  some  refine- 
ments should  be  introduced  to  eliminate  errors  due  to  current 
admitted  and  power  consumed  by  the  instruments. 

Commercial  tests  of  transformers  are  made  to  determine 
that  the  ratio  of  transformation  is  correct,  the  losses  and  heat- 
ing not  excessive,  and  the  insulation  sufficient. 

Resistance  is  first  measured,  generally  after  allowing  the 
transformer  to  stand  in  the  test  room  for  some  hours,  so  that 
the  coils  may  have  the  same  temperature  throughout;  careful 
thermometer  readings  are  taken.  The  measurements  may  be 
made  with  a  galvanometer  and  bridge,  but  are  often  taken  with 
an  ammeter  and  a  milli-voltmeter  with  proper  resistance  in  series 
with  it.  Polarity,  which  is  the  test  used  to  show  whether  the 
corresponding  terminals  on  the  several  transformers  are  of  the 
same  polarity,  is  taken  while  the  measure  lines  are  on.  With 
the  windings  connected  in  series  and  current  passing  through 
them,  the  voltmeter  lines  should  be  so  put  on  one  transformer 
as  to  give  a  positive  deflection  on  the  voltmeter;  then  the 
voltmeter  lines  are  transferred  to  the  corresponding  terminals  of 
the  other  transformer,  the  circuit  is  opened,  and  if  the  instru- 
ment gives  a  positive  kick  polarity  is  correct.  The  voltmeter 
must  be  protected  by  sufficient  resistance  to  prevent  damaging 
it.  In  resistance  measurements,  especially  with  high  voltage 
transformers,  care  must  be  taken  not  to  break  the  measure  cur- 
rent while  the  voltmeter  is  in  circuit,  to  avoid  damaging  the 
instrument,  or  injuring  the  man  holding  the  measure  lines. 

Ratio  of  transformation  is  determined  by  sending  alternat 
ing  current  of  proper  frequency  through  one  winding  and 
reading   voltage   on    both    windings.      In    order   to   get    reliable 
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results  at  least  one  volt  per  turn  should  be  used.  Tap  ratios 
may  be  taken  in  the .  same  way,  though  voltage  is  generally 
applied  to  the  winding  which  has  the  taps  on  it. 

Core  loss  is  taken  by  applying  full  voltage  at  normal 
frequency  to  either  the  primary  or  secondary  winding,  depend- 
ing upon  the  voltage  which  suits  the  alternator  used,  and  read- 
ing amperes  and  volts.  An  alternator  giving  a  sine  wave  should 
be  used  as  the  wave  form  has  a  considerable  effect  upon  the 
loss;  a  peaked  wave  gives  a  lower,  and  a  flat  wave  a  higher 
loss  than  does  a  true  sine  wave.  Temperature  should  be  taken, 
as  core  loss  decreases  with  rise  in  temperature.  If  the  core 
loss  is  abnormal  readings  are  taken  at  different  frequencies  to 
separate  hysteresis  and  eddy  current  losses. 

Full  voltage  should  not  be  put  on  an  oil-cooled  transformer 
until  it  is  filled  with  oil,  as  the  oil  greatly  increases  the  insula- 
tion  resistance. 

Impedance,  or  the  volts  and  watts  necessary  to  force  normal 

current  through  the  transformer,  is  determined  by  short-circuit- 

mg  one  winding,  generally  the  secondary,  and  applying  sufficient 

voltage  to  the  other  winding  to  cause  normal  current  to  flow. 

Care  should  be  taken  to  use  large  cable  for  short-circuiting  and 

to  have  good  contacts. 

Heating  is  determined  by  putting  a  normal   load   or  over- 
load   on    the    transformer    and    observing    the    temperatures. 
Resistance  measurements  are  taken   on   the  coils  to  determine 
the  rise  by  resistance  and  thermometer  readings  on  the  various 
parts  of  the  transformer  are  made.     Room  temperature  is  care- 
fully observed,  as  temperature  guarantees  are  given  in  degrees 
rise  above  room  temperature  in  case  of  oil-cooled  and  air  blast 
transformers;  in  case  of  the  water-cooled  type  the  temperature 
of  the  ingoing  water  is  taken,  as  rise  is  figured  in  degrees  above 
the  temperature  of  the  cooling  water. 

In  order  to  economize  power,  transformers  are  usually 
bucked,  or  arranged  in  a  motor  generator  connection,  for  the 
heat  run :  only  enough  power  is  then  required  to  supply  the 
iron  and  copper  losses.  A  diagram  of  two  transformers  so 
arranged  is  given  in  figure  i,  and  of  three  transformers  in 
figure  2. 

With  the  connection  as  shown  in  figure  t,  except  that  a 
small  fuse  replaces  the  transformer  used  to  supply  current, 
a  parallel  run  may  be  taken.     This  test  shows  whether  polarity 
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and  ratio  are  the  same  on  both  transformers.  When  voltage 
is  put  on  the  secondaries,  and  the  fuse  wire,  connected  to  the 
primary  of  one  transformer,  is  tapped  on  the  primary  terminal 
of  the   other,   no  spark   will   appear  if   ratio  and   polarity  are 
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correct.  If  a  spark  does  appear,  read  the  voltage.  If  this  is 
more  than  y!\  per  cent  of  rated  voltage,  with  full  voltage  on 
the  secondary,  the  defect  should  be  remedied  before  further 
test. 

In  these  connections  one  alternator  is  used  to  furnish  normal 
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voltage,  and   the  current   is   equal   to  the   sum  of  the   exciting 
currents    of    both    transformers    if    they    are    connected    as    in 

figure   i,  and  to  1     3  times  the  exciting  current  of  one  trans- 
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former  if  connected  as  in  figure  2.  The  alternator  supplying 
the  copper  losses  will  furnish  normal  current  to  the  primaries 
and  the  voltage  necessary  to  force  this  current  through  the 
windings  is  equal  to  the  sum  of  the  impedance  volts  of  the 
transformers. 

There  should  always  be  a  transformer  between  the  primaries 
of  the  transformers  in  test  and  the  alternator,  and  care  should 
be  taken  not  to  overload  either  this  transformer  or  the  alter- 
nators. The  alternator  should  work  at  about  normal  excitation 
and  if  necessary  the  excitation  current  should  be  stepped  up 
or  down.  During  the  heat  run,  and,  in  fact,  whenever  voltage 
is  on  the  transformers,  care  should  be  taken  to  see  that  neither 
the  testers  nor  men  working  about  the  shop  come  in  contact 
with  the  live  parts.  Probably  the  most  effective  safeguard  is 
to  put  the  transformers  inside  a  fence,  and  wire  the  field  of 
the  alternator  supplying  voltage  so  that  opening  the  gate  will 
open  the  field.  In  this  way  if  the  ammeter  is  put  on  a  box  or 
ladder  inside  the  fence,  there  will  be  no  high  voltage  on  the 
testing  table. 

In  order  to  shorten  heat  runs,  air  blast  transformers  may 
be  run  for  a  few  minutes  without  air,  and  water-cooled  trans- 
formers without  water,  care  being  taken  to  see  that  they  do 
not  get  too  hot.  Air  blast  transformers  are  generally  guaranteed 
in  degrees  rise  at  a  certain  pressure,  and  this  pressure  may  be 
maintained  by  varying  the  speed  of  the  blower  or  giving  part 
of  the  air  another  outlet.  Water-cooled  transformers  are  guar- 
anteed in  degrees  rise  above  a  certain  temperature  of  incoming 
cooling  water  and  this  temperature  is  maintained  by  use  of 
steam,  if  necessary,  to  heat  the  cooling  water.  The  number  of 
gallons  of  water  per  minute  per  transformer  is  also  specified, 
and  this  must  be  measured,  generally  by  an  iron  pot  with  a 
standard  orifice. 

Double  potential  for  one  minute  should  be  put  on  the  trans- 
former after  the  heat  run ;  it  is  necessary  to  use  a  high 
frequency  machine  for  this  test,  owing  to  the  saturation  of  the 
iron  at  normal  frequency.  After  this  test  one  and  a  half  times 
potential  should  be  applied  for  five  minutes.  High  potential 
test  is  applied  between  the  primary  winding  and  the  secondary 
and  core,  and  at  a  lower  potential  between  the  secondary  and 
core. 

Readings  on  all  these  tests  should  be  carefully  recorded  on 
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Regulation    at    the    required    load,    generally    full    load,    is 
obtained  by  the  following  formula : 

~  .  T~       Pri.  resistance  X  Pri.  current 

Primary  IR  = -— X  ioo  =  %  drop. 

J  Pri.  voltage  v 

o         j        m       Sec.  resistance  X  Sec.  current 

Secondary  IR  = - — x  ioo  =  %  drop. 

Sec.  voltage  r 

w  ••       t  /  ,t^       rs  v,       /  Core  loss  wattsX2 

Magnetiz.ng  I  =  yj  (Exc.  Current)2  _  (-^-^——^ 

W  =  =: r^ =  Wattless  factor  of  current. 

Rated  amps. 


f/r  i     vo     /Imp.  watts  \2 

x(  Imp.  volts)2  — (_-  " J 

Reactive     )       \  \Jmp.  amps./  „A^ 

,         TV  ^  — = ,      ,    - — X  ioo  =  % drop 

drop,  IX  J  Rated  vo  Its 


For  non-inductive  load, 


E=l    (ioo  +  IR-j-  WIX)2  +  1XS 

For  inductive  load  where  P  —  power  factor, 

w  ^n   ,         Mae.  I 

W  =  V  i—  P2  +  xv  f  ^--"    - 

Rated  amps. 


E=l    (ioo -|-  PIR  -r\VIX)a  +  (PIX  —  WIR)2 
Regulation  — -  E  —  ioo. 

If  the  foregoing  computations  show  the  transformer  to  be 
satisfactory  and  if  the  high  potential  tests  show  the  insulation 
to  be  sufficient,  it  may  be  passed  for  shipment,  so  far  as  its 
electrical  characteristics  are  concerned. 


THE  BUILDING  OF  A  POLE  LINE. 

BY    L.    E.    HURTZ,    '03,   GENERAL    MANAGER   LINCOLN    (NEB.) 

TELEPHONE   CO. 

This  subject  is  a  very  large  one  and  must  be  divided  into 
classes  according  to  the  work  to  be  performed.  This  paper  will 
be  devoted  to  some  of  the  phases  of  telephone  pole  line  construc- 
tion although  all  pole  lines  have  much  in  common. 

A  considerable  amount  of  engineering  work  should  be  done 
before  the  promoting  and  financing  of  any  proposition  and  we 
will  assume  that  that  part  of  the  work  is  completed  and  will  start 
in  with  the  work  of  the  engineer  at  the  actual  construction  of 
the  line. 

The  first  work  for  the  engineer  will  be  to  make  a  complete 
survey  of  the  territory  covered  which  shall  include  the  location 
and  classification  of  the  probable  subscribers  marking  the  num- 
ber in  each  block  plainly  on  the  face  of  the  map.  Then  judging 
from  the  previous  growth  of  the  city,  the  character  of  its  in- 
habitants, and  a  large  number  of  other  conditions,  an  estimate 
of  the  probable  growth  of  each  block  or  district  should  be  made, 
marking  on  the  face  of  the  map  the  probable  number  of  sub- 
scribers in  five,  ten  or  twenty  years,  showing  the  probable  num- 
ber that  will  use  individual  and  party-line  instruments.  On  ac- 
count of  the  numerous  improvements,  inventions,  and  other 
developments  being  made  in  the  telephone  field  it  is  probable  that 
figuring  ten  years  in  advance  would  be  as  far  as  would  be  con- 
servative at  this  time.  When  the  final  estimate  has  been  made 
for  each  block  or  district  there  should  be  a  grouping  of  districts, 
and  at  the  center  of  each  group  should  be  shown  the  number  of 
lines  both  present  and  future  that  will  have  to  be  carried  into  the 
office  from  that  point. 

It  will  next  be  necessary  to  choose  the  most  available  routes 
to  the  exchange  for  underground  and  aerial  construction.  These 
important  lines  should  be  located  carefully  with  respect  to  prob- 
able future  requirements,  choosing  streets  from  which  present  as 
well  as  future  lines  can  be  distributed  economically,  considering 
the  topography  of  the  ground  and  the  most  direct  routes.     Notes 
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should  be  made  showing  the  location  and  size  of  trees  and  other 
pole  lines  or  obstructions  and,  through  the  underground  district, 
the  location  of  sewers,  water  and  gas  mains,  heating  pipes  and 
other  subways. 

After  estimates  for  the  present  and  ultimate  distribution  for 
each  district  have  been  made,  the  size  of  cables  and  the  best 
method  of  carrying  them  to  the  central  office  must  be  considered 
and  these  calculations  will  help  to  determine  whether  there  shall 
be  one  or  more  exchanges.  Both  of  these  questions  depend  to 
some  extent  upon  the  type  of  apparatus  to  be  used.  In  very  large 
cities  the  telephone  systems  usually  consist  of  a  number  of  ex- 
changes of  from  five  to  fifteen  thousand  telephones  each,  located 
at  suitable  centers  of  distribution  and  connected  together  by 
trunking  cables.  This  is  true  either  of  manual  or  automatic  ap- 
paratus. There  has  recently  been  introduced  a  system  of  small 
branch  exchanges  to  be  used  in  connection  with  automatic  equip- 
ment by  the  use  of  which  it  is  found  that  a  great  deal  of  expense 
can  be  saved  in  the  installation  and  maintenance  of  the  cable  plant 
and  in  many  instances  branch  exchanges  as  small  as  one  hun- 
dred subscribers  are  used. 

Such  small  branches  are  not  practical  in  manual  exchanges 
and  have  been  made  so  in  automatic  exchanges  only  recently 
by  the  manufacture  of  switching  units  which  are  self-contained 
and  can  be  supervised  by  the  central  office  attendant  although 
they  may  be  located  several  miles  from  the  office.  This  plan 
makes  constant  attention  unnecessary  and  therebv  reduces  the 
cost  of  operation  to  a  point  so  low  that  the  disadvantages  of  be- 
ing isolated  are  offset. 

We  will  not  attempt  to  discuss  the  selection  of  apparatus,  but 
will  assume  that  it  has  already  been  chosen.  The  engineer  now 
has  a  basis  to  work  on,  and  can  formulate  several  arbitrary  plans 
of  distribution.  For  instance,  the  cable  can  be  carried  direct 
from  centers  of  distribution  to  the  central  office  with  all  or  part 
underground,  using  only  one  exchange.  Or  the  city  can  be 
divided  into  districts  as  indicated  by  the  survey,  and  several 
branch  exchanges  can  be  located  with  the  estimated  number  and 
size  of  trunks  between  them.  By  figuring  the  original  cost  of 
operating,  including  interest  and  depreciation,  the  estimates  for 
the  various  plans  may  be  compared,  and  the  one  showing  the 
lowest  annual  cost,  provided  it  will  give  satisfactory  service, 
should  be  chosen.    The  estimate  chosen  should  be  refined  to  meet 
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the  requirements  of  the  case  more  accurately ;  or  if  two  estimates 
figure  out  close  together,  they  should  both  be  refined  and  figured 
very  carefully  before  choosing  between  the  two  systems. 

Now  assume  that  the  system  has  been  chosen  and  laid  out  on 
the  map.  We  then  come  to  the  actual  building  of  the  plant,  and 
we  turn  our  attention  to  the  erection  of  the  pole  lines  and  cables 
in  the  aerial  part  of  the  system. 

In  this  discussion  we  will  not  enter  into  underground  con- 
struction and  will  assume  that  the  plant  will  be  a  modern  one 
using  all  cable  distribution. 

The  poles  in  most  common  use  are  white  cedar  and  chestnut, 
although  many  other  woods  have  been  used ;  but  the  above  have 
given  very  satisfactory  service.  Poles  made  of  reinforced  con- 
crete are  being  used  to  a  limited  extent  and  those  companies 
using  them  recommended  them  very  highly.  In  the  central  west 
the  white  cedar  is  used  almost  exclusively  although  some  chest- 
nuts have  been  tried  and  some  western  red  cedars.  The  latter 
are  famous  for  being  very  straight  and  sound,  but  they  are  usu- 
ally very  slim  and  are  not  much  larger  at  the  bottom  than  at  the 
top.  The  western  red  cedar  poles  make  a  very  stately  looking 
line,  but  when  obtainable  the  white  cedar  with  its  larger  bottom 
is  usually  preferred.  Northern  white  cedar  poles  are  usually 
sold  under  the  Northwestern  Cedarmen's  Association  specifica- 
tions, although  most  of  the  large  buyers  draw  specifications  some- 
what more  strict  than  those  of  the  Cedarmen's  Association. 

Before  setting,  the  poles  should  be  shaved  and  carefully 
framed.  That  is,  the  top  should  be  "roofed"  by  sawing  off  pieces 
at  an  angle  of  450  to  the  side,  leaving  the  top  of  the  pole  sharp- 
ened to  an  angle  of  900.  A  "roofed"  pole  sheds  the  water  more 
effectively  than  if  left  flat,  thus  making  the  top  less  liable  to 
decay.  Gains  or  flat  spots  about  one  half  inch  deep  should  be 
cut  in  the  poles  that  are  to  carry  cross  arms  at  the  points  where 
the  arms  are  to  be  fastened,  thus  forming  a  good  bearing  for 
them,  and  one  hole  large  enough  to  take  a  5-8  inch  through  bolt 
should  be  bored  through  the  poles  at  each  gain  that  is  to  be  used 
at  once.  The  roofs  and  gains  should  be  painted  with  a  good 
paint  that  will  close  all  the  pores  and  thus  stop  the  entrance  of 
water  and  prevent  decay.  The  butt  should  then  be  treated  with 
some  preservative.  The  one  used  most  is  a  substance  called  car- 
bolinium  which  has  proven  to  be  very  valuable  and  in  some  cases 
actuallv  doubled  the  life  of  the  timber  used.     Since  the  labor  of 
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replacing  poles  is  so  high,  it  is  very  essential  that  the  poles  last 
as  long  as  possible  without  having  to  be  reset  or  replaced. 

The  poles  should  be  set  substantially,  and  to  make  a  good 
job,  the  soil  and  weather  conditions  should  be  taken  into  account. 
In  ordinary  soil  not  subject  to  floods,  a  good  rule  to  follow  is  to 
set  a  25-ft.  pole  5  feet  deep,  and  to  dig  the  hole  6  inches  deeper 
for  each  additional  5  feet  of  length.  Thus  a  40-ft.  pole  would 
be  set  6l/2  ft.  deep  which  is  probably  a  trifle  deeper  than  they  are 
usually  set.  If  the  ground  is  moist  or  marshy  or  if  otherwise 
unsatisfactory  conditions  are  met,  special  settings  must  be  pro- 
vided. For  instance  a  barrel  of  sand  is  sometimes  used  at  the  bot- 
tom of  the  pole;  or  rocks,  ties  or  timber  are  put  in  the  bottom 
of  the  hole  or  a  foundation  of  several  inches  of  concrete  is  used 
or  the  pole  is  set  entirely  in  concrete.  Sometimes  in  street  rail- 
way work,  the  butt  is  set  in  concrete  to  the  depth  of  about  six 
inches,  then  dirt  filled  in  and  tamped  to  within  six  inches  or  a  foot 
from  the  top,  then  this  part  filled  in  with  concrete,  so  that  the 
strain  of  the  span  wire  will  be  taken  up  in  the  enlarged  surface  at 
the  top  and  bottom  of  the  pole,  at  which  points  the  strain  is  the 
heaviest. 

Great  care  should  be  exercised  in  the  location  of  poles.  In 
the  building  of  a  new  plant  as  well  as  in  construction  work  in  an 
old  one,  the  law  regarding  the  location  of  poles  should  be  re- 
ferred to,  in  order  that  it  will  not  be  necessary  at  some  later 
time  to  move  the  poles,  which  is  an  expensive  operation.  Poles 
located  in  streets  and  alleys  should  usually  be  set  on  lot  lines  in 
order  that  the  residents  of  the  neighborhood  cannot  complain 
that  they  interfere  with  driveways,  barns,  etc.  In  setting  poles 
along  streets  and  alleys  which  are  not  paved,  great  care  should 
be  taken  in  their  location,  so  that  if  paving  is  put  down  at  a 
later  time  that  it  will  not  be  necessary  to  move  them.  Here  it 
might  be  stated  that  where  two  cables  cross  at  right  angles  at 
intersections  of  streets,  or  of  a  street  and  alley,  it  is  not  good 
practice  to  locate  a  pole  at  the  point  where  the  intersection  of  the 
lines  will  be,  for  the  reason  that  it  runs  a  double  chance  of  hav- 
ing to  be  moved  if  cither  street  or  alley  is  paved. 

A  very  effectual  way  to  overcome  this  trouble  is  by  making 
what  is  known  as  as  an  aerial  turn  as  illustrated  in  figure  1,  set- 
ting the  four  nearest  poles  back  at  such  a  distance  from  the  in- 
tersection that  there  is  little  probability  of  their  having  to  be 
moved.     In  case  thev  should  have  to  be  moved  at  a  later  date,  it 
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could  be  accomplished  much  easier  than  if  the  messenger  and 
cable  had  been  fastened  to  a  pole  at  the  corner. 

Fir  cross  arms  have  been  used  most  generally,  and  have 
given  very  satisfactory  service  when  not  painted.  It  seems  that 
filling  the  pores  with  paint  causes  the  arms  to  rot  inside,  with 
the  consequence  that  some  day  they  break  off  while  they  are  ap- 
parently in  good  order.  This  is  a  source  of  accidents  to  em- 
ployees on  account  of  the  arms  not  showing  their  real  condition. 

Locust  pins  have  given  most  general  satisfaction  for  many 
years.     Many  other  woods  have  been  used,  among  them  being 


oak,  which  is  not  satisfactory,  and  osage  orange,  which  is  very 
good.  Iron  pins  are  used  by  the  telegraph  companies  but  have 
not  come  in  general  use  on  telephone  lines. 

The  hardware  used  should  be  heavily  galvanized  to  secure 
long  and  efficient  service.  This  is  especially  true  in  damp  cli- 
mates. While  galvanized  hardware  lasts  much  longer  than  plain, 
it  is  open  to  the  objection  that  all  the  threaded  parts  must  be  cut 
first  and  galvanized  afterwards.  This  necessitates  the  cutting  of 
7 
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loose  threads  and  making  up  the  difference  with  a  coat  of  spelter, 
which  may  come  off  later  and  leave  a  poor  thread. 

Anchors  are  very  important.  They  should  be  used  at  every 
place  where  a  branch  leaves  the  main  line  or  where  there  is  an 
offset  in  the  line  and  at  everv  dead  end.  The  material  used  for 
the  "slugs''  or  dead  men  may  be  any  one  of  several  kinds. 
Those  used  most  are  wood,  either  logs,  parts  of  poles,  ties  or 
other  timber ;  these  may  be  used  plain  or  soaked  in  some  preser- 
vative ;  treatment  similar  to  that  given  pole  butts.  Since  any  of 
these  wooden  slugs  will  last  but  a  comparatively  short  time 
under  ordinary  conditions,  several  patent  metallic  anchors  have 
been  put  on  the  market  in  the  last  few  years  in  an  effort  to  get  a 
cheaper  and  more  durable  anchor.  Some  of  them  are  really 
meritorious  and  others  have  proven  dismal  failures,  while  almost 
any  of  them  are  of  some  service  under  the  right  conditions. 
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Considerable  judgment  must  be  displayed  in  choosing  an 
anchor.  Be  sure  that  the  size  used  is  the  smallest  that  will  hold 
the  load  safely ;  but  do  not  carry  economy  too  far  and  get  an 
anchor  too  small  for  the  service  required.  By  figuring  the  cost 
of  material  and  labor  of  setting,  it  is  an  easy  matter  to  choose 
the  anchor  giving  the  best  result. 

A  new  departure  in  anchors  is  the  use  of  a  reinforced  con- 
crete slab  for  the  deadman,  the  idea  being  that  the  concrete  slab 
is  practically  indestructable  so  that  if  the  proper  size  is  chosen  it 
should  last  for  a  very  long  time  without  having  to  be  replaced. 

Concrete  anchors  have  been  used  bv  the  writer  to  hold  me- 
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dium  loads  at  the  end  of  messengers  carrying  cables  of  various 
sizes.  The  dimensions  of  the  anchors  used  most  were  as  shown 
in  figure  2.  The  face  was  i8"xi8"  square;  the  reinforcing  metal 
being  heavy  steel,  woven  wire  fencing,  laid  double  about  one 
inch  from  the  face  of  the  anchor;  then  about  4  to  6  inches  of 
concrete  was  put  behind  the  steel  and  the  rod  was  put  through 
the  center  of  the  slug. 

While  the  material  cost  is  slightly  higher,  the  advantages  of 
the  concrete  anchor  are  considerable.  It  can  have  a  square  face 
thus  making  it  possible  to  use  smaller  holes  than  if  a  "slug"  or 
tie  had  been  used.  Less  tamping  is  required,  because  when  the 
digging  of  the  hole  is  nearly  finished  the  bottom  can  be  shaped 
into  a  mould,  into  which  the  concrete  is  poured ;  when  hard,  the 
anchor  pulls  squarely  against  a  smooth  surface  of  solid  earth 
which  is  cut  to  the  proper  angle,  so  that  all  the  tamping  required 
is  that  necessary  to  keep  the  walls  from  caving  in.  When 
ordinary  anchors  are  used  the  tamped  loose  dirt  has  to  carry  a 
part  of  the  load. 

The  comparative  cost  of  anchors  is  shown  in  the  following 
table : 

Concrete       l/i  of 
Anchor.      Oak  Tie. 

Digging  hole    $0.45         $0.60 

Labor,  making,  tamping    58  .60 

Setting  and  material  '. 48  .35 

Rod    s 27  .27 


$1.78         $1.82 

It  shows  that  the  concrete  anchors  were  made  at  a  slightly 
lower  cost  than  the  old  style  and  they  certainly  ought  to  last 
much  longer. 

When  an  anchor  has  to  hold  an  unusually  heavv  strain,  the 
area  of  the  slug  or  deadman  is  often  increased  by  "planking," 
that  is  putting  planks  or  timber  in  the  hole  in  such  a  way  that 
the  anchor  pulls  against  them,  which  serves  to  increase  the 
anchor  area  to  as  great  an  extent  as  is  desired.  Anchors  should 
be  set  as  far  back  from  the  butt  of  the  pole  as  the  pole  sticks  out 
of  the  ground,  that  is,  so  that  the  guy  wire  pulls  against  the 
lead  at  an  angle  of  about  45°.  An  anchor  set  within  a  few  feet 
of  the  butt  of  the  pole  can  hold  but  a  very  light  load. 

When  locating  an  anchor,  be  sure  that  the  anchor  rod  or  guv 
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wire  will  not  interfere  with  anyone's  driveway  or  barn  door  01 
with  any  other  private  property;  a  little  care  may  avoid  having 
to  reset  the  anchor  at  a  later  date. 

Side  and  head  guys  should  be  used  at  intervals  on  all  long 
heavy  lines,  in  order  that  if  the  line  is  struck  by  a  heavy  storm 
or  part  of  it  wrecked  by  a  fire  or  other  trouble,  the  entire  line 
will  not  be  bowled  over  like  a  lot  of  tenpins. 

The  wire  or  cable  used  to  connect  the  anchor  to  the  line 
should  be  heavy  enough  to  allow  a  reasonable  margin  of  safety, 
and  also  should  be  double  galvanized  in  order  to  insure  it  against 
rust  for  as  long  a  time  as  possible.  The  materials  usually  used 
for  messenger  and  guy  wires  are,  (i)  very  hard  and  strong 
steel,  which  is  very  difficult  to  work  with ;  (2)  soft  iron  stand, 
which  is  very  easy  to  work  with  but  is  too  soft  to  give  good 
results;  and  (3)  Siemans-Martin  steel  strand,  which  combines 
great  strength  with  pliability  and  ease  of  working.  Any  of  the 
materials  should  be  double  .galvanized. 

All  messenger  wires  should  be  left  slack  enough  so  that  they 
are  not  stretched  to  their  elastic  limits,  which  amounts  can  b< 
determined  for  the  various  sized  messengers  from  manufac- 
turers' tables.  But  most  practical  foremen  do  not  use  a  dyna- 
mometer, and  judge  the  tightness  by  the  sag  between  spans.  At 
the  points  where  messengers  and  guys  dead  end  the  poles  should 
be  protected  by  shims  or  pieces  of  metal  so  put  on  that  the 
wires  cannot  cut  into  the  poles. 

The  messenger  should  be  supported  by  a  hanger  which  will 
hold  it  firmly  and  permanently ;  the  hanger  should  be  fastened  to 
the  pole  by  a  through  bolt.  The  use  of  lag  screws  should  be 
avoided. 

The  cable  most  generally  used  consists  of  soft  drawn  copper 
conductors  of  19,  20,  or  22  B  &  S  gage,  insulated  with  one  or 
two  layers  of  dry  paper;  one  of  the  wires  of  each  pair  is  usually 
wrapped  with  a  colored  paper  to  distinguish  between  them.  The 
wires  are  then  twisted  together,  one  turn  every  three  inches,  then 
several  pairs  are  twisted  together ;  then  another  layer  of  pairs  are 
twisted  on  the  core  in  the  opposite  direction ;  and  thus  built  up  in 
alternate  layers  to  the  desired  size ;  the  core  thus  formed  is 
wrapped  with  heavy  paper  and  covered  with  an  airtight  lead 
sheath.  The  size  of  the  conductor,  the  amount  of  insulation,  the 
composition  and  size  of  the  sheath  and  other  specifications  vary 
tor  the  several  uses  to  which  the  cable  is  to  be  put. 
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One  very  important  specification  is  the  electrostatic  capacity, 
which  is  varied  by  the  distance  between  the  wires  and  their  in- 
sulation. Thus  a  change  in  the  E.  S.  C  varies  the  price  of  the 
cable  by  changing  the  size  of  the  lead  sheath.  In  ordinary  plants, 
Number  22  gage  cable  with  an  electrostatic  capacity  of  from 
.09  to  .12  microfarad  per  mile,  is  used,  the  insulation  being  one 
or  two  layers  of  dry  paper  and  the  sheath  of  pure  lead,  the  thick- 
ness of  which  varies  according  to  the  size  of  the  cable.  For 
trunk  cables  larger  conductors  are  ordinarily  used,  with  lower 
capacity  and  heavier  sheaths;  and  for  underground  work  the 
lead  sheath  usually  contains  yf>  of  tin  to  harden  it. 

Cable  hangers  of  various  types  are  in  use,  the  most  popular 
being  loops  of  Marlin  or  Houselene  twine  hung  on  hooks  of 


Cable  Crossing  Showing  "Aerial  Splice." 

galvanized  iron.  Some  companies  use  hangers  which  are  made 
of  metal.  The  weight  and  specifications  of  hangers  depend  on 
the  size  of  cable  to  be  carried. 

The  splicing  of  the  cable  is  of  great  importance.  The  insula- 
tion of. the  wires  must  be  removed,  the  wires  twisted  together 
and  insulated  with  paper  sleeves ;  care  being  exercised  to  splice 
white  to  white  and  red  to  red,  etc.,  to  keep  the  colors  straight 
throughout  the  length  of  the  cable.  The  joint  when  the  splicing 
is  finished  should  be  thoroughly  freed  from  moisture  by  pouring 
boiling  paraffine  over  the  wires,  taking  care  that  the  temperature 
of  the  paraffine  is  high  enough  to  boil  out  the  moisture  and  not 
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hot  enough  to  char  the  insulation.  The  finished  splice  must  be 
enclosed  in  an  airtight  cover;  the  best  job  is  done  by  using  a 
lead  sleeve  similar  to  the  sheath,  and  wiping  the  joints  with 
solder. 

There  arc  several  types  of  patent  joints  designed  to  enable 
anyone  to  splice  and  repair  cable.  These  usually  depend  on 
gasket  joints  to  prevent  the  entrance  of  moisture,  and  ordinarily 
are  not  to  he  recommended:  except  possibly  for  small  plants 
which  cannot  afford  a  regular  splicer  anil  have  no  way  to  get 
one  on  short  notice. 


Splices  must  he  made  in  all  positions,  vertical  and  liorizoniil. 
and  may  join  the  ends  of  one  or  more  cables  in  one  splice.  \\  hen 
the  poles  are  properly  set  so  that  in  alleys  or  streets  at  crossings 
there  are  no  poles,  "aerial  splices"  are  made  at  the  crossing 
points  of  the  messengers,  which  are  substantially  clamped  or 
wired  together.  An  aerial  splice  is  shown  on  page  101.  The  two 
ends  of  the  cable  spliced  into  the  main  cable  are  lashed  strongly 
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to  the  main  cable  with  Martin  twine  which  prevents  damage  to 
the  splice  from  strains  on  either  side. 

The  wires  in  the  cable  must  be  brought  out  at  various  places 
in  order  to  connect  subscribers  to  the  exchange.  For  this  cable 
terminals  or  "cans"  are  used.  They  are  of  many  different  types, 
the  principal  types  being  protected  and  unprotected.  Both  types 
have  their  champions  among  the  large  operating  companies,  so 
that  the  choice  is  about  evenly  divided. 


In  one  type  of  unprotected  terminal  the  paper  insulated  wires 
run  directly  into  the  terminals,  and  the  wires  are  soldered  to 
binding  posts  which  extend  through  the  walls  of  the  central 
chamber;  this  chamber  is  then  filled  with  a  waterproof  com- 
pound to  keep  out  moisture.  Other  types  of  unprotected  terminals 
are  made  without  the  central  chamber,  and  in  order  to  keep 
moisture  out  of  the  cable  it  is  necessary  to  splice  rubber  insulated 
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cable  on  the  end  of  the  paper  insulated  cable.  The  protected  ter- 
minal is  connected  to  the  cable  in  a  manner  similar  to  the  unpro- 
tected, but  at  the  binding  posts  there  is  furnished  a  lightning 
arrester,  composed  of  two  blocks  of  carbon  separated  by  a  mica 
strip ;  one  block  is  grounded  and  the  other  attached  to  the  line : 
to  the  line  carbon  is  connected  a  fuse,  and  to  this  the  terminal 
to  which  the  drop  wire  is  connected.  The  drop  or  service  wire 
is  then  run,  usually  of  twisted  rubber-insulated  wire,  from  the 
drop  terminals  to  the  house. 
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"flic  mipri'tecii-ti   !•  -rrinaU  aiv   Minnh.-r.  cheaper,  and  require 


BUILDING  OF   A    POLE   LINE.  J05 

less  attention ;  but  when  lightning  strikes  the  line  or  a  high  po- 
tential wire  crosses  with  the  line,  the  lack  of  protection  usually 
allows  a  large  amount  of  damage  to  be  done  to  the  cable  and 
sometimes  to  the  entire  equipment  of  the  plant,  a  part  of  which 
might  have  been  saved  by  using  protected  terminals. 

When  the  company  is  not  willing  to  have  the  cable  entirely 
unprotected,  and  desires  to  reduce  the  construction  cost,  cheaper 
protected  terminals,  using  rubber  covered  cable  or  potheads,  may 


be  obtained ;  but  on  account  of  the  comparatively  short  life  of 
the  rubber  insulation,  it  has  been  found  desirable  by  some  com- 
panies to  combine  the  types.  For  instance,  at  the  point  where  a 
cable  is  to  branch  out  to  serve  a  neighborhood,  the  cable  is  run 
into  a  protected  terminal  and  out  again  from  the  line  contacts, 
then  carried  on  and  distributed  as  originally  intended,  using 
unprotected  terminals.  Thus  for  example  in  a  certain  multiple 
distribution,  one  25-pair  protected  terminal  and  perhaps  five  10- 
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pair  unprotected  terminals  will  be  used,  which  protects  the  main 
cable  and  reduces  the  cost  material  1  v. 

Another  method  of  reducing  the  cost  and  securing  first-class 
protection  is  by  using  the  so-called  unit  type  protector.  This 
consists  of  an  ordinary  terminal  with  the  protection  mounted 
separately,  so  that  only  the  frame  is  put  up  at  first ;  the  protection 
is  added  from  time  to  time,  as  needed. 

To  get  a  number  of  lines  into  large  buildings  and  properly 
distribute  them  on  the  various  floors,  it  is  customary  to  use 
cables  th/oughout  the  buildings,  entering  either  aerial  or  under- 
ground ;  then  running  a  cable  to  each  floor,  terminating  in 
special  boxes  made  for  that  purpose.  This  kind  of  construction  is 
a  trifle  more  expensive  at  first,  but  is  very  much  the  cheaper  form 
in  the  long  run. 

The  item  of  labor  is  such  a  large  percentage  of  the  cost  of 
the  line,  a»id  is  ordinarily  so  hard  to  get  at  accurately,  that  figures 
have  been  appended  showing  average  costs  for  the  labor  on  cer- 
tain parts  of  building  a  modern  all-cable  telephone  plant  in  a 
suburb  of  a  city,  the  population  of  the  suburb  being  3,000.  These 
figures  are  as  accurate  as  they  could  be  kept  by  a  good  con- 
struction foreman  who  as  usual  was  not  a  good  bookkeeper,  but 
the  addition  of  a  reasonable  percentage  for  errors  will  give  an 
idea  of  the  cost  for  this  part  of  the  work. 

Cost  Each 

Poles  unloaded,  3O3 $0.07 

Poles  shaved    ( average,  30  feet  long") 22 

Poles  roofed  (and  a  very  few  gains  cut) 07 x 2 

Poles  hauled  ( average,  30  feet  long) 25 

Poles  set   (  average,  30  feet  long ) 33 

Poles  set  (average  40  feet  long) (*) 

Poles  bored  for  steps itf 

Poles   stepped    20 

Pole   holes  dug.   average   30   feet,   pole   holes   5  1-2   feet 

deep    47/> 

Anchors,   holes   dug,   90 45 

Anchors  set,  99 58 

X-arms    fitted    07 

X-arms  distributed    09 

X-arms  put  on 1^/2 

Guys  put  on    1. 00 

Stringing  and  pulling  messenger,  per  foot 00V2 
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Cable  pulled,  average  25  pr.,  per  foot $0.0034 

Cable  clipped  (hangers  put  on),  per  hanger oo^S 

Staking  out  line,  per  pole 10 

Poles  pulled  and  holes  filled,  per  pole 65 

Cable  unloaded,  average  25  pr.  per  foot oo£ 

Drops  strung,  per  drop 1.04 

Bare  wire  strung,  per  single  wire  per  mile 2.75 

Average  total  cost  of  labor  and  material  for  splicing  lead 
covered,  paper  insulated,  telephone  cable : 

25  pr.  cable $2.86 

50  pr.  cable   2.95 

75  pr.  cable   4.40 

100  pr.  cable   5.75 

1 50  pr.  cable   6.22 

200  pr.  cable   8.37 

250  pr.  cable   10.00 

300  pr.  cable   10.00 

In  general  a  line  should  be  substantially  built  of  the  best  ma- 
terial obtainable  for  the  purpose,  and  be  constructed  as  nearly 
like  the  "One  Horse  Shay"  as  possible.  In  a  well  built  line,  cer- 
tain parts  will  not  have  to  be  replaced  from  time  to  time,  but  the 
entire  line  will  be  serviceable  without  any  rebuilding  until  all  its 
parts  are  worn  out. 


ENGINEERING  SOCIETY  NOTES. 

WHAT  THE  SOCIETY  IS  DOING. 

The  Engineering  Society  was  organized  November  27,  1900, 
its  object  being  to  promote  interest  in  engineering  at  the  Uni- 
versity of  Nebraska,  to  bring  the  students  of  the  various  en- 
gineering departments  into  closer  fellowship,  and  to  obtain 
engineers  of  prominence  and  experience  to  address  the  engineer- 
ing students  at  various  times. 

The  present  year  has  been  very  prosperous  in  the  way  of  in- 
creased membership.  There  was  a  student  and  alurnni  member- 
ship of  250  at  the  beginning  of  the  year  which  has  been  increased 
by  65  members  up  to  date,  March  1,  1908,  making  an  active  mem- 
bership at  present  of  125. 

Five  honorary  members  have  also  been  elected.  Mr.  V.  L. 
Hollister,  Instructor  in  E.  E.,  Prof.  P.  K.  Slaymaker  of  the 
Applied  Mechanics  Department,  and  Mr.  J.  E.  Rasmussen  of 
the  same  department ;  Alfred  Boyd,  Instructor  in  C.  E. ;  Albert 
Bunting,  Instructor  in  M.  E. 

At  the  first  meeting  of  the  year  the  following  officers  were 
elected : 

President John  C.   Page. 

Vice-President R.   E.   Guthrie. 

Recording  Secretary W.  S.  Houseworth,  Jr. 

Treasurer E.  L.  Turner. 

Corresponding  Secretary E.  F.  Guidinger. 

A  smoker  was  given  in  the  early  part  of  the  year  for  the 
engineering  students  which  was  well  attended  by  the  under 
classmen  and  was  considered  as  one  of  the  most  successful  in 
the  history  of  the  society.  Another  smoker  is  being  arranged, 
also  a  hop  to  be  given  April  3,  in  addition  to  the  annual  banquet 
to  come  later  in  the  spring. 

Since  January,  njoS,  the  society  has  had  the  use  of  quarters 
in  the  new  University  Temple  for  holding  its  meetings.  It  is  a 
large,  nicely  furnished  room,  well  lighted,  and  is  a  much  more 
cheerful  and  commodious  meeting  place  than  the  class  rooms 
have  been  in  the  past. 

A  number  of  addresses  have  been  given  before  the  society 
this  year.  Dean  C.  R.  Richards  gave  a  talk  upon  "Our  New 
Knginrerinc    Ihiilding."    which    was    verv    interesting    from   an 
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engineering  standpoint  as  well  as  otherwise,  since  we  were  at 
last  assured  by  the  exhibition  of  the  plans  and  drawings  that 
the  erection  of  the  new  engineering  building  was  a  certainty. 

It  ts  a  much  needed  building  on  Nebraska  campus  and  it  is 
with  pleasure  that  we  look  forward  to  the  future  of  the  engineer- 
ing student  in  his  new  home  at  Nebraska  University.  It  is  to  be 
an  example  of  modern  practice  in  constructions  of  this  nature. 
Dean  Richards  made  a  tour  of  inspection  of  engineering  schools 
of  the  east  and  south  during  the  summer  of  1907,  and  has  com- 
bined in  the  design  and  arrangements  of  this  new  building  all 
the  best  features  observed  upon  this  tour,  and  at  the  same  time 
avoided  all  the  practices  which  were  found  to  be  unsatisfactory. 
Work  will  begin  on  the  building  this  spring  and  it  will  be  ready 
for  occupancy  in  1909-10.  With  this  new  building  and  equip- 
ment, Nebraska  University  should  be  placed  near  the  head  of 
western  schools  for  the  study  of  engineering, 

The  other  addresses  that  have  been  made  were  as  follows: 
Prof.  P.'K.  Slaymaker,  upon  "The  Manufacture  of  Pig  Iron"; 
Mr.  V.  L.  Hoi  lister,  upon  "Static  Electricity  and  Lighting 
Effects";  F.  T.  Darrow,  Prin.  Ass't  Civil  Eng.  of  the  C,  B.  & 
Q.  R.  R.,  upon  "Inspections  and  Inspectors";  B.  C.  Adams, 
Gen'l  Supt.  of  the  Lincoln  Gas  Co.,  upon  "Lincoln  Gas." 

Other  addresses  are  being  arranged  for  by  the  program 
committee  to  be  given  later  in  the  spring. 

It  is  of  interest  to  note  that  a  movement  is  on  foot  among 
the  electrical  students  to  organize  a  Nebraska  University  Branch 
of  the  American  Institute  of  Electrical  Engineers. 
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This  directory  contains  the  names  of  all  the  graduates  of 
Engineering  Courses  from  the  University,  also  a  few  graduates 
of  other  courses  who  have  taken  up  engineering  work,  and  a  few 
who  left  school  before  graduation  and  are  engaged  in  engineer- 
ing work.  The  addresses  have  been  corrected  to  the  best  of  our 
knowledge  to  date,  March,  1908.  The  editors  will  be  pleased  to 
receive  anv  corrections  or  additions  to  be  filed  for  the  use  of  their 
successors. 

Abel,  G.  P.,  B.  Sc,  C.  E.,  '06.    Lincoln,  Neb.,  Eng.  Dept.  C,  B.  &  Q.  R.  R 

Akerlund,  F.  R.,  B.  Sc.  M.  E..   06.     Valley,  Neb. 

Albers,  Juergen,  B.  Sc,  C.  E.,  '93. 

Anderson,  C.  E.,  B.  Sc,  E.  E.,  '98.     Craig,  Neb. 

Anderson,  E.  E.,  B.  Sc,  C.  E.,  05.  Lincoln,  Neb.,  Ass't  Supt.  of  Construc- 
tion, U.  of  N. 

Andrew,  J.  W.,  M.  E.  Mgr.  Tool  &  Railway  Specialty  Mfg.  Co.,  1434 
Kansas  Ave.,  Atchison,  Kan. 

Arnold.  Bion  J.,  E.  E.,  '98.  i8t  La  Salle  St.,  Chicago,  111.,  Wes.  of  The 
Arnold  Co. 

Bailey,  B.  P.,  '93.     Okmulgee.  Okla..  Electrician. 

Baker,  L  N.,  B.  Sc.  M.  E.,   07.     Beatrice,  Neb. 

Barks,  F.  S.,  '02.     Omaha.  Neb..  M.  E.  Dept.  U.  P.  R.  R. 

Barkley,  J.   A.,  B.  Sc.   E.  E.,    92.     Gen'l    Mgr.   Port   Elizabeth  Tramwav, 

Port  Elizabeth,  Cape  Colony.  So.  Africa. 
Bates,  G.   W.,   B.  Sc.  C  E..    05.     327   No.  31st   St.,   Lincoln,   Neb.,   Asst. 

State  Engineer. 
Battan,  Roy,    B.  Sc,   C.  E.,    07.     308-9   Columbia   Blk.,    Spokane,    Wash-, 

Draftsman  with  Washington  Water  Power  Co. 
Bay,  Burt,  B.  Sc,  E.  E.,    06.     Westinghouse  Sales   Dept..  705  Land  Titl^ 

Bldg..  Philadelphia,   Pa. 
Beardslee,  C.  O.,  Lincoln.   Neb. 
Bedell.   C.    E.,   B.  Sc.   E.  E ,   'oo.      Pittsburg,    Pa.,    Designing   Eng.   West — 

inghouse  Mfg.  Co. 
Belden.  C   E.,  B.  Sc.  E.  E..  '07.     Dawson,  Neb. 
Belknap.    L.   J.,   B.  Sc,   E.  E..    '98.     St.    Louis,   Mo.,   Sales    Eng.    Wagner*"^ 

Elec  Co. 
Bell.  J.  H.,  Ocotlan,  Jalisco.  Mexico.  R.  R.  Contractor. 
Benedict.   B.   W.7   B.  Sc.   M.  E..  '01.     Topeka.   Kan.,   Staff  of   Asst.   SupU 

M.   P.  Santa  Fe  Ry. 
Benjamin.  W.  E..  B.  Sc.  C.   E.,  '96.     Cheyenne,  Wyo..  Deputy  Co.  Clerk. 
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Bcssey,  E.   A.,  B.  Sc,  E.  E.,  '98.     Great  Barrington,  Mass.,   Engineer   in 

Instrument  Dept.  Gen.  Elec.  Co. 
Bessey,  C.  A.,  B.  Sc,  E.  E.,  '99.     Chicago,  111.,  Sargeant  and  Lundie. 
Biggerstaff,  C.  D.,  C.  E.     27*4  So.   10th  St..  K.  C,  Kans.,  Architect  and 

Draftsman  K.  E.  C.  S.  Ry. 
Bixby,  J.  E.,  B.  Sc,  E.  E.,  'oi.     1516  Curtis  St.,  Denver,  Colo.,  Tele.  Dept. 

Western  Elec.  Co. 
Bliss,  E.  F.,  B.  Sc,  E.  E.,  '02.    Schenectady,  N.  Y.,  General  Elec  Co. 
Bolles,  C.  M..  B.  Sc,  E.  E.,  '06.    Chicago,  111.,  Western  Elec.  Co. 
Bowlby,  H.  L.,  B.  Sc,  C.  E.,  '05.     Seattle,  Wash.,  Instructor  in  C.  E.  Uni. 

of  Washington. 
Brackett.  E.  E.,  B.  Sc,  E.  E.,  'oi.     Philadelphia,  Pa.,  Instructor  in  E.  E. 

University  of  Pennsylvania. 
Brigham,  E.  W.,  B.  Sc,  E.  R,  '06.    Schenectady,  N.  Y.,  General  Elec.  Co. 
Brook,  I.  E.,  B.  Sc,  E.  E.    Chicago,  111.,  The  Arnold  Co. 
Brooke,  W.  E.,  B.  Sc,  C.  K,  '92.    Minneapolis,  Minn.,  Uni.  of  Minn. 
Brooks.  G.  W.,  B.  Sc,  E.  E,  '02.     Schenectady,  N.  Y.,  Construction  Fore- 
man. Gen.  Elec  Co. 
Brown,  A.,  B.  Sc,  '03.     Aurora,  Neb. 
Brown,  G.  F.,  B.  Sc,  '04.    785  State  St.,  Schenectady,  N.  Y.,  A.  C.  Eng. 

Dept.  G.  E.  Co. 
Brockway,   P.  L.,  B.  Sc,  C.  E.,  '05.     803   So.  Water  St.,  Wichita,  Kans., 

Civil  Engineer. 
Bruce,  J.  A.,  B.  Sc,  '03.    Eng.  Dept.  U.  P.  Ry. 
Bryan,  C.  H..  Cedar,  Colo.    Chem.  Eng. 
Buckley,  N.  E.,  B.  Sc,  '03.    914  So.  26th  St.,  Omaha.  Neb.,  Asst.  Eng.  U. 

P.  Railroad. 
Buckstaff,  F.  B.,  B.  Sc,  '03.     Chicago,  111..  Estimator,  Henry  Pratt  Boiler 

&  Machine  Co. 
Burkey,  C.  R.,  B.  Sc,  C.  E.,  '06.     Boise,  Idaho,  Eng.  Dept.  U.  P.  R.  R. 

Burr,  F.  D.,  B.  Sc,  E.  E.,  '02.     Hawserlake,  Mont. 

Campbell,  S.  C,  B.  Sc,  M.  E.,  '02.     Rockhill,  S.  C.  Manufacturer  of  Ice. 
Carter,  A.  E.,  B.  Sc,  C.  E.,  '99.     C.  E.  Columbia  Uni.,  449  W.   123d  St., 

N.  Y.  C,  Res.  Eng.  Rapid  Transit  Subway  Co. 
Case,   M.   B.,   C.  E.     Box   89,   Vancouver,  Wash.,   Asst.   Eng.   Vancouver 

Bridge. 
Charles,  E.  D.     Wisner,  Neb.,  City  Electrician. 
Chase,  L.  W.,  B.  Sc,  M.  E.,  '04.     1245  No.  33d  St.,  Lincoln,  Neb.,  Assoc 

Prof.  Farm  Mech's,  Uni.  of  Neb. 
Chessington,  J.  B.,  C.  E.    Thermopolis,  Wyo.,  City  Engineer. 
Christensen,  W.,  '00.     Utah,  Mercur  Mining  Co. 
Clinton,  S.  D.,  B.  Sc,  C.  E..    02.     Irrigation  Engineering,  Idaho. 
Cole,  C.  L.,  B.  Sc.  M.  E.,  '06.     3920  Lake  Ave.,  Chicago,  Allis-Chalmers 

Co.,  Milwaukee.  Testing  Dept. 
Collet,  A.  J.,  B.  Sc,  M.  E..    00.     Omaha.  Neb.,  Chief  Electrical   Engineer, 

U.  P.  Ry. 
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Cornell,  C.  B.,  B.  Sc,  E.  E.,  '04. 

Cortelyou,  S.  V.,  B.  Sc,  C.  E.,  '02.     San  Fernando,  Pamp.  P.  I.,  District 

Engineer  Fourth  District. 
Costelloe,  M.  F.  P.,  B.  Sc.,  C.   E.,  '06.     Fort  Morgan,  Colo.,  Civil  and 

Irrigation  Engineering. 

Corr,  Ray,  B.  Sc,  M.  E.,  '04.     Indianapolis,  Ind.,  Atlas  Engine  Works. 

Cramer,  D.  L.     Dutchcreek,  Nev.,  Mining  Engineer. 

Crane,  C.  O.,  B.  Sc,  E.  E.     Chicago,  111.,  Arnold  Elec  Power  Sta.  Co. 

Crook,  Z.  E.,  B.  Sc,  E.  E.,  '97.    Faribault,  Minn.,  Res.  Eng.  C.  M.  &  St 
P.  R.  R. 

Crownover,  C.  E.,  B.  Sc,  C.  E.,  '97.     1502  Pacific  Ave.,  Everett,  Wash., 
Locating  Eng.  G.  N.  Ry. 

Currier,  H.  C.    Omaha,  Neb     Eng.  Dept.  Neb.  Telephone  Co. 

Cushman,  C.  R.,  B.  Sc,  E.  E.,  '02.     Lincoln,  Neb.,  Cushman  Motor  Co. 

Cutshall,  L.  A.,  B.  Sc,  E.  E.,  '05.    El  Paso,  Texas,  Southern  Independent 

Telephone  Co. 

Davis,   C.   L.,   B.  Sc,   E.  E.,   '06.     811    Franklin   Ave.,   Wilkinsburg   Sta., 

Pittsburg,  Pa.,  Westinghouse  Mfg.  Co. 
Davis,  E.  O.,  B.  Sc,  C.  E.  '05. 
Davis,  T.  B.,  B.  Sc,  M.  R,  ,o6.     Wickliffe,  Ohio. 
Davidson,  J.  B.,  B.  Sc,  M.  E.,  '04.    Ames,  Iowa,  Professor  of  Agricultural 

Engineering  at  Iowa  State  College. 
Debler,  B.  E.,  B.  Sc,  C.  E.,  '07.     Spokane,  Wash. 
Day,  W.  F.,  B.  Sc,  C.  E.,  '06.     1608  Franklin   St.,  Denver,  Colo.,  Asst 

Eng.,  J.  G.  White  Co. 
Dobson,  Frank  A.    220  No.  26th  St.,  Lincoln,  Neb.,  Contracting  Eng. 
Dormann,  F.  B.,  B.  Sc,  M.  E.,  'oi.     Denver,  Colo..  American  Bridge  Co. 
Doubrava,  H.  W.,  B.  Sc,  E.  E.,  '97.     17  Battery  Place,  N.  Y.  C,  Sales 

Eng.  N.  Y.  Office  Wagner  Elec.  Mfg.  Co. 
Doubt,  J.  C,  Jr.,  B.  Sc,  '03.     522  Broadway,  Seattle,  Wash.,  Kilbourne  & 
Doubt,  R.  A.,  B.  Sc,  E.  E.,   01.     New  York  City,  Western  Elec.  Co- 

Clarke  Co. 
Downes.  N.  W.,  B.  Sc,  M.  E.,   07.     Omaha,  Neb.,  Mechanical  Eng.  Dept 

U.  P.  R.  R. 
Duer,  C.  B.,  B.  Sc,  F.  E.,  '07.     Hastings,  Neb. 
Dwyer,  R.  C,  B.  Sc,  E.  E.,  '07.    811  Franklin  Ave.  Wilkinsburg,  Pa.,  Aj>- 

pr  nticc  Dept.  Westinghouse  E.  &  M.  Co. 
Dumont,  R.   E.,   B.  Sc,   C.    E..    06.     3642  Lafayette   Ave.,  Omaha,  Neb., 

Asst.  Eng.  C.  &  N.  W.  Ry. 

Eagleson,  E.  G..  B.  Sc,  C.  E.,  *8o.     Boise.  Idaho,  U.  S.  Surveyor  Gen'l  for 

Idaho. 
Early,  J.  \Y.,  B.  Sc,  E.  E.,  '07.     Columbus,  Neb..  Consulting  Engineer. 
Ellis,  O.  A.,  B.  Sc,  C.  E.,  '07.     Panama,  Neb. 
Klmen,  G.  W.     Schenectady.  N.  Y..  Gen.  Elec  Co. 
Elson,  T.  H.,  '03.     Kearney.  Xeb. 


ALUMNI   DIRECTORY.  113 

Elson,  W.  D.    Cleveland,  Ohio,  Western  Elec.  Co. 

Engel,  C  W.,  B.  Sc,  C.  R,  '03.    66  U.  S.  Nat'l  Bank  Bldg.,  Omaha,  Neb., 

Asst.  Eng.  C.  &  N.  W.  Ry. 
Evans,  H.  T.,  B.  Sc,  E.  E.,  '98,  E.  E,  'oi.    Boulder,  Colo.,  Prof,  of  E  E 

University  of  Colorado. 
Everett,  C.  C.     Eureka,  Utah,  Supt.  W.  S.  Mining  Co. 

Fairman,  F.  F.,  B.  Sc,  E.  E.,  '06.    Chicago  111.,  Western  Elec  Co. 
Farnsworth,  G.  E.,  B.  Sc,  C.  E.,  '04.     Hooper,  Wash.,  Draftsman  North 

Coast  Ry. 
Fenlon,  J.  A.,  B.  Sc,  C.  E,  '07.    David  City,  Neb. 
Forbes,  B.  E,  A.  B.,  '95.    Fort  Laramie,  Wyo.,  Care  of  U.  S.  R.  S.,  Eng. 

U.  S.  Reclamation  Service. 
Frazier,  B.  R.,  B.  Sc,  E.  E.,  '07.     ion   Albany  St.,  Schenectady,  N.   Y., 

Apprentice  G.  E.  Co. 
Friedman,  S.,  B.  Sc,  C.  E.,  '06.    Omaha,  Neb.,  Collins  Const.  Co. 
Fritts,  C.  B.,  B.  Sc,  E.  E,  '96.    Kansas  City,  Mo.,  Genl.  Mgr.  Metropolitan 

St.  Ry.  Co. 

Gibbs,  J.  B.,  B.  Sc,  E.  E.,  '05.    852  Rebecca  Ave.,  Wilkinsburg,  Pa.,  Eng. 

Dept.  Westinghouse  E.  &  M.  Co. 
Grant,  Wm.,  B.  Sc,  C.  E.,  '97.    Lincoln,  Neb.,  City  Eng. 
Green,  J.  A.,  '04.    Denver,  Colo.,  J.  G.  White  &  Co. 
Green,  Wm.,  '98.     Kansas  City,  Mo.,  K.   C.   Telephone  Co. 
Griggs,  C.  E.,  E.  E,  '97.     Utah,  Mining  Engineer. 
Gutleben,  D.  B.,  ,oo.    Cleveland,  O.,  American  Sugar  Mach.  Co. 

Hagenow,   Chas.,   B.  Sc,   E.  E,  'oo.     Houghton,   Mich.,   Mathematics   In- 
structor, Michigan  School  of  Mines. 

Hagensick,  E.  H.,  B.  Sc,  E.  E.,  '06.    Omaha,  Neb.,  Elec.  Dept.  U.  P.  Ry. 

Hall,  D.  C,  B.  Sc,  E.  E,  '98.    261  Carlton  Ave.,  Brooklyn,  N.  Y.,  Electri- 
trical  Inspector  U.  S.  Navy. 

Hamilton,  W.  G.,  B.  Sc,  E.  E,  '06.    811  Franklin  Ave.,  Wilkinsburg,  Pa., 
Apprentice  Westinghouse  E.  &  M.  Co. 

Harris,  R.   S.,  B.  Sc,  C.  E.,  '04.     430  Paxton   Blk.,  Omaha,   Neb.,   Pres. 
Western  Contr.'s  Sup.  Co.,  and  Standard  Lbr.  Co. 

Hartley,  Harry  K.,   B.  Sc,  E.  E,  '07.    Anaheim,  California. 

Hartsough,  G.  H.,  B.  Sc,  E.  E.,  '07.    418  Biddle  Ave.,  Wilkinsburg,  Pa., 
Apprentice  Westinghouse  E.  &  M.  Co. 

Harvey,   A.  L.,  B.  Sc,   E.  E.,  '06.     755   Franklin   Ave.,  Wilkinsburg,   Pa., 
Westinghouse  E.  &  M.  Co. 

Hartzell  Walter,   B.  Sc,  E.  E,  '05.     Pittsburg,   Pa.,  Westinghouse    E   & 
M.  Co. 

Hastie,  A.  G.,  B.  Sc,  E  E.,  '07.    839  Rebecca  Ave.,  Wilkinsburg,  Pa.,  Ap- 
prentice Westinghouse  E.  &  M.   Co. 

Hawksworth,  D.  W.,  B.  Sc,  E.  E,  '97.    Montreal,  Canada.    Asst.  to  Vice- 
Pres.  American  Car  &  Foundry  Co.,  Ltd. 
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Haughton,  E.  H.,  B.  Sc,  E.  E.,  '95.    315  Dearborn  St.,  Chicago,  111.,  Gen. 
Mgr.  Bryan-Marsh  Co. 

Heaton,  R.  H.,  B.  Sc,  M.  E.,  Beloit,  Wis.,  Fairbanks-Morse  Gas  Engine 
Works. 

Hedge,  Verne,   A.   B.,   B.  Sc,   C.  E.,   '03.     Lincoln,    Neb.,   Abstracter   of 
Titles  for  Lancaster  Co. 

Hedges,  G.  L.,  B.  Sc,  E.  E.,  '07.    Sta.  A,  Lincoln,  Neb.,  Asst  Superintend- 
ent Grounds  and  Buildings,  University  of  Nebraska. 

Heimrod,  A.  A.,  B.  Sc,  C.  E.,  '06.    Omaha,  Neb. 

Henck,  C.  H.    311  Laurel  St.,  Baton  Rouge,  La. 

Henry,  J.  E.,  B.  Sc,  C.  E.,  '05.    St.  Joseph,  Mo.,  Builder  and  Contractor. 

Hershey,  J.  L.,  B.  Sc,  C.  E.,  '06.     Lincoln,  Neb. 

Hess,  F.  E.,  B.  Sc,  C.  E.,  '03.    Dallas,  Texas,  Hess  &  Skinner,  Gen'l  Agts. 
Missouri  Valley  Bridge  &  Iron  Co. 

Hibner,  A.  E.,  B.  Sc,  E.  E.,  '06.    Lincoln,  Neb. 

Hitchman,  J.  C,  B.  Sc,  E.  E.,  '98.     Tampico,  Mex.,  Mexican  Central  Ry. 

Hoagland,  A.  L.,  B.  Sc,  E.  E.,  '00.     Lincoln,  Neb.,  Resident  Engineer  C. 
B.  &  Q.  R.  R. 

Holman,  W.  H.,  B.  Sc,  E.  E.,  '04. 

Holmes,  J.  C,  B.  Sc,  C.  E.,  '05.    Omaha,  Neb. 

Horn,  A.  C.     Blackfoot,  Idaho,  Foreman  S.  R.  V.  Co. 

Howe,  E.  D.,  B.  Sc,  C.  E.,  '87.    Table  Rock,  Neb.,  County  Surveyor. 

Hubbard,  Ray  D.,  B.  Sc.  C.  E,  '00.     Klamath  Falls,  Ore.,  Office  Eng.  U. 
S.  R.  S. 

Hulett,  R.  E.,  B.  Sc,    E.  E.,  '99.    Bay  City,  Mich.,  Elec  Eng.  Hecla  Port- 
land Cement  Co. 

Hull,  A.  M.,  B.  Sc,    E.  E.,  '03.     Fremont,  Neb. 

Hummel,  C.  M.,  B.  Sc,  E.  E.,  'oo.     2333  Papin  St.,  St.  Louis,  Mo.,  Sec- 
Treas.  O.  K.  Karry  Steel  Co. 

Huntington,  L.  M.,  B.  Sc,  C.  E.,  '02.     Santiago,  Cuba,  Asst.   Engineer  of 
Municipalities. 

Hurlburt,  H.  S.  G,  B.  Sc,  E.  E,  '05.     Tonopah,  Nevada,  Tonopah  Min- 
ing Co. 

Hurtz,  L.  E.,  B.  Sc,  E.  E.,  '03.     Lincoln,  Neb.,  Gen'l  Mgr.,  Lincoln  Tele- 
phone Co. 

Hunt,  F.   L.,   B.  Sc,  E.  E.,  '02.     84  State   St.    Boston,  Mass.,   Asst.  Eng. 
Boston  Office.  Gen'l  Elec.  Co. 

Hyde,  M.  A.,  B.  Sc,  E.  E.,  '98.     2544  Vine  St.,  Lincoln,  Neb.,  Gen.  Agt. 
Midwest  Life  Ins.  Co. 

Jackson,  J.  B.,  B.  Sc,  E.  E.,  '07.     Chicago,  111.,  Western  Elec.  Co. 

Jeffrey,  E.  O.,  B.  Sc,  E.  E.,  'oo.     Los  Angeles,  Cal. 

Jenkins,  W.   G,   B.  Sc,  C.  E.,  '07.     Manzanillo,   Cuba,   1st  Asst.  to  Chie$ 

Eng.   Manzanillo,   Boyamo,   Carretera. 
Johnson,  C.  A.,  B.  Sc,   E.  E.,  '06.     755   Franklin  Ave.,  Wilkinsburg,  Pa., 

Apprentice  Westinghouse  E.  &  M.  Co. 
Jones,  J.  C,  '96.     Salt  Lake  City,  Utah,  Westinghouse  E.  &  M.  Co. 
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Jones,  I.  B.,   B.  Sc,   C.   E.,  '07.     Morrill,   Neb.,   Constr.   Eng.   Tri-State 

Land  Co. 
Jorgensen,  H.  W.,  B.  Sc,   C.  E.,  '97.     Box  673   Bisbee,  Ariz.,   Civil   and 

Mining  Engineer. 
Joy,   G.    A.,   B.  Sc,    R  E.,   'oi.     Chicago,   111.,   Telephone    Eng.    Kellogg 

Switchboard  &  Supply  Co. 

Kathan,  C.  S.    Aitken,  Minn.,  Hydraulic  Engineer.  H 

Kendall,  H:  C,  B.  Sc,  R  R,  '02.    Milwaukee,  Wis.,  Allis-Chalmers  Co. 

Kendall,  Val.  H.,  B.  Sc,  E.  R,  '07.    Niles,  Mich.,  Kawnur  Mfg.  Co. 

Kemmish,  N.  A.,  B.  Sc,  M.  R,  '04.     Lincoln,  Neb.,  Lincoln  Traction  Co. 

Kinton,  W.  G.,  B.  Sc,  R  R,  '98.    68  R  36th  St.,  Chicago,  111. 

Koch,  A.  W.  R,  B.  Sc,  C.  R,  '05.  Room  No.  14,  Burlington  Depot,  Lin- 
coln, Neb.,  Eng.  Dept.  C,  B.  &  Q.  R.  R. 

Kollasch,  W.  M.,  '02.  Monadnock  Blk.,  Chicago,  111.,  Supt.  Leonard- 
Martin  Const.  Co. 

Korsmeyer,  L.,  B.  Sc,  C.  E.,  'oo.    Lincoln,  Neb.,  Korsmeyer  Plumbing  Co. 

Krasny,  Emil,  B.  Sc,  E.  R,  '03.     Humboldt,  Neb. 

Kruse,  A.  N.,  B.  Sc,  R  R,  '03.     New  York  City,  Western  Elec  Co. 

Kryder,  J.  R,  B.  Sc,  R  R,  '07.  811  Franklin  Ave.,  Wilkinsburg,  Pa.,  Ap- 
prentice Westinghouse  R  &  M.  Co. 

Kuhns,  J.  H.f  '96.     Prof,  of  C.  E.  in  University  of  Japan. 

Kutton,  W.  G.,  '98.     Chicago,  111.,  Chicago  Telephone  Co. 

Langer,  J.  F.,  B.  Sc,  R  R,  'oo.    New  York  City,  Electrical  Inspector  New 

York  Navy  Yard. 
Larson,  C.  H.,  B.  Sc,  '02. 

Larson,  Wm.    Eng.  Dept.  U.  P.  Ry.f  Omaha,  Neb. 
Lawler,  J.  C,  '02.    Colorado  Springs,  Colo.,  Chief  E.  E.  Colorado  Springs 

Electrical  Co. 
Lewis,  E.  O.,  B.  C.  R,  '84.     Falls  City,  Neb.,  Traveling  Salesman. 
Liebmann,  Morris  N.,  B.  Sc,  R  R,  'oo.    160-62  Duane  St.,  N.  Y.  C,  Mgr. 

Foote-Pierson  Co. 
Little,  Chas.  N.,  A.  B.,  '79,  A.M.,  '84.     Yale  Ph.  D.,  '85.     818  Elm  St., 

Moscow,  Idaho,  Prof.  C.  R,  Idaho  State  University. 
Lord,  H.   S.,  B.  A.,  '93.     Butte,  Montana,  Civil   Eng. 
Lott,  A.  L.,  B.  Sc,  E  E.,  '07.     1007  N.  22d  St.   So.  Omaha,  Neb.,  Eng. 

Dept.  O.  &  C.  B.  St.  Ry.  Co. 
Lyman,  S.  B.,  B.  Sc,  E.  E.,  '97.    Wellston,  Ohio. 
Lyon,  G.  J.,  B.  Sc,  '99.    Colorado  Springs,  Colo.,  Prof.  C.  E.  in  'Colorado 

College. 

Mallat,  O.  R.,  B.  Sc,    E.  E.,  '07.     Lincoln,  Neb.,  Lincoln  Gas  &  Elec.  Co. 
Marsh,  R  M.,  B.  Sc,  R  .E.,  '07.     Wilkinsburg,  Pa.,  Apprentice  Westing- 
house  E.  &  M.  Co. 
Maghee,  W.  M.,  B.  Sc,  R  E.,  '92.     Rawlins,  Wyo.,  Electrician. 
Manley,  F.  A.,  B.  C.  E,  '89.     Superior,  Wyo.,  Supt.  Superior  Coal   Co. 
Mansfield,  R.  J.,  B.  Sc,  M.  R,  '04.     Wisner,   Neb. 
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McReynolds,  R.  H.,  B.  Sc,  E.  E.,  '04.    Vermillion,  S.  D.,  Supt.  of  Bldgs., 

University  of  South  Dakota. 
McDowell,  C  C,  B.  Sc,  E.  E.,  '05.    Schenectady,  N.  Y.,  General  Elec.  Co. 

McCroskey,  J.  W.,  B.  Sc,  '91.     London,  Eng.,  Mgr.  of  J.  G.  White  Co., 
Contractors,  9  Cloak  Lane,  E.  C,  London,  Eng. 

McGeachin,  W.  R.,  B.  Sc,  E.  E.,  '03.    Manila,  P.  I.,  Supt.  of  Manila  Elec 
Light  Plant. 

McNamara,  C.  J.,  B.  Sc,  C.  E.,  '06.    Rock  River,  Wyo.,  U.  P.  R.  R. 

McWilliams,  C.  C,  B.  Sc,  E.  E.,  '07.     Chester,  Neb. 

Meade,  A.  E.,  B.  Sc,  C.  E.,  '06.     Lincoln,  Neb.,  Eng.  Dcpt.  G,  B.  &  Q. 
R.  R. 

Meyer,  F.  L.,  B.  Sc,  E.  E.,  '97.    Trenton,  N.  J.,  Ins.  Wire  Dept.  Jno.  A., 
Roebling's  Sons  Co. 

Meyer,  G  L.,  B.  Sc,  M.  E.,  '07.    210  So.  36th  St.,  Omaha,  Neb.,  Spec  Ap- 
prentice U.  P.  Shops. 

Mielenz,  A.  H.,  B.  Sc,  M.  E.,  '07.     Wahoo,  Neb. 

Miller,  A.  A.,  B.  Sc,  E.  E.,  '98.  Seattle,  Wash.,  Sales  Eng.  Wcslinghouse 
E.  &  M.  Co. 

Miller,  A.  E.,  B.  Sc,  M.  E.,  '06.     Newton,  Iowa. 

Miller,  J.  W.,  B.  Sc,  G  E.,  '05.  Deadwood,  S.  D.,  Eng.  Dept.  G  &  N. 
W.  R.  R. 

Mills,  D.,  B.  Sc,  E.  E.,  '05.     Omaha,  Neb.,  U.  P.  Ry. 

Mills,  R.  S.,  B.  Sc,  E.  E,  '07.  427  Center  St.,  Wilkinsburg,  Pa.,  Appren- 
tice Westinghouse  E.  &  M.  Co. 

Morse,  P.  A..  B.  Sc,  E.  E.,  '99.  810  Spruce  St.,  St.  Louis,  Mo.,  Sales 
Mgr.  Western  Electric  Co. 

Moser,  W.  A.,  B.  Sc,  E.  E,  '07.  427  Center  St.,  Wilkinsburg,  Pa..  Ap- 
prentice Westinghouse  E.  &  M.  Co. 

Mueller,  R.  S.,  B.  Sc.  E.  E.,  '08.  212  Electric  Bldg.,  Cleveland,  O..  Mgr. 
Cleveland  Sales  Dept.  Kellogg  S.  &  S.  Co. 

Mundorf,  Wm.,  B.  Sc,  G  E.,  02.  Omaha,  Neb.,  Designer  Paxton  &  Vier- 
ling  Iron  Works. 

Munn,  O.  N.     Nebraska  City,  Neb.,  with   A.   M.  Munn  Co. 

Newton,  B.  A.,  B.  Sc,  G  E.,  '04.  No.  14  Burlington  Depot,  Lincoln,  Neb., 
Transitman  G,  B.  &  Q.  R.  R. 

Nilsson,  H.  O.,  B.  Sc,  G  E.,  !o6.  1715  So.  10th  St.,  Omaha,  Neb.,  Chief 
Engr.'s  Office  U.  P.  R.  R. 

Noyes,  H.  B.,  B.  Sc,  E.  E,  '98.  Omaha,  Neb,  Chief  Eng.  Omaha  &  G 
B.  Ry.  Co. 

Noyes,  R.  E,  B.  Sc,  E.  E,  '04.  1778  Ansel  Rd,  Cleveland,  Ohio,  Instruc- 
tor in  E.  E,  Case  School  Applied  Science. 

Oliver,    R.    H,    B.  Sc,    E.  E,    '03.      Chicago,    111,    Arnold    Elec.    Power 

Sta.  Co. 
Orton.   C.   S..   B.  Sc,   M.  E..    02.     Milwaukee,   Wis,   Erecting   Eng.   Allis- 

Chalmers  Co. 
Palen,  Archie,  B.  Sc,  C.  E,  '07.     Lincoln,  Neb. 


ALUMNI   DIRECTORY.  117 

Palmer,  W.  R.,  B.  Sc,  E.  E..  '06.    Schenectady,  N.  Y.,  General  Elec.  Co. 
Pearson,  C.  A.,  'oi.    Lincoln,  Neb.,  Instructor  Forge  Work,  U.  of  N. 
Pepperburg,  A.  J.,  '02.    New  York  City,  Navy  Yard. 
Pierce,    E.   H.,    B.  Sc,    E.  E.,   942   Warren   Ave.,    Chicago,    111.,   Western 

Electric  Co. 
Podlesack,  H.  J.,  B.  Sc,  '04.    Chicago,  111.,  Electrician. 
Podlesak,  Emil,  B.  Sc,  E.  E.,  '96.     No.  30  King  St.,  Morristown,  N.  J., 

Contracting  Engineer. 

Podlesack,  F.  S.,  B.  Sc,  '96.     Chicago,  111.,  Electrician. 

Pollard,  N.  L.,  B.  Sc,  E.  E.,  '96.     Elizabeth,  N.  J.,  Ford,  Bacon  &  Davis 
Co. 

Pollock,  J.  D.,  B.  Sc,  E.  E.,  '06.    Schenectady,  N.  Y.,  General  Elec.  Co. 

Porter,  E.  Y.,  B.  Sc,  E.  E.,  '96.    Newark,  N.  J.,  Moore  Elec  Co. 

Porterfield,  J.  R.,  B.  C.  E.,  '92.     Boise,  Idaho,  Civil  Engineer. 

Pospisil,    L.   J.,    B.  Sc,    M.  E.,   '03.      Spokane,    Wash.,    Power   Transmis- 
sion Co. 

Powers,  B.  F.     Chicago,  111.,  People's  Gaslight  and  Coke  Co. 

Purcell,  C.  H.,  B.  Sc,  C.  E.,  '06.     La  Fundicion,  Peru,  S.  A.,  Cerro  de 

Pasco  Mining  Co. 

Randal,  K.  G,  B.  Sc,  '97.     Edgewood,  Pa.,  Westinghouse  Mfg.  Co. 
Reagan,  H.  E.,  B.  Sc,  E.  E.     Chicago,  111.,  Contractor. 
Reed,  C.  E.,  '02.     Salt  Lake  City,  Utah,  Engineer  and  Contractor. 
Reedy,  O.  T.,  B.  Sc,  C.  E.,  '98.     Belle  Fourche,  S.  D.,  Asst.  Eng.  U.  S. 

Reclamation  Service. 
Rick,  D.  H.,  B.  Sc,  E.  E.,  '97.    Denver,  Colo. 
Riddell,  D.  F.    7401  Ind.  Road,  K.  C,  Mo.,  Mining  Engineer. 
Robinson,  E.  J.,  B.  C.  E.,  '84.    1419  D  St.,  Lincoln,  Neb.,  Res.  Eng.  C,  B. 

&  Q.  R.  R. 
Roberts,  H.  W.,  B.  Sc,  C.  E.,  '06.     Lincoln,  Neb.,  Eng.   Dept.  C,   B.  & 

Q.  R.  R. 
Rohrer,  C,  B.  Sc,  G  E.,  '93.    Asst.  Resident  Eng.  Wabash  R.  R. 
Rohrbough,  J.  M.,  B.  Sc,  '98.    553  So.  Logan  St.,  Denver,  Colo. 
Rowe,  W.  E.,  B.  Sc,  G  E.,  '96.    518  Rose  St.,  Lexington,  Ky.,  Dean  School 

of  G  E.,  Ky.  State  College. 
Rush,  B.  F.,  B.  Sc,  G  E.,  '07.     Manila,  P.  I. 
Ryons,  F.  B.,  *oo.    Lincoln,  Neb. 

Sargeant,  Jos.  A.,  B.  Sc,  G  E.,  '03.    Manzanillo,  Cuba,  Chief  Eng.  Public 

Works. 
Saville,  J.  A.,  B.  Sc,  E.  E.,  '98.    Chicago,  111.,  R.  R.  Bryant  March  Co. 
Sawyer,  E.  B.,  B.  Sc,  E.  E.,  '98.     1106  O  St.,  Lincoln,  Neb.,  Real  Estate 

and  Irrigated  Lands. 
Sawyer,  L.  P.,  B.  Sc,  E.  E.,  '99.     Cleveland,  Ohio,  Sales  Mgr.  Buckeye 

Elec.  Co. 
Sawyer,  W.  H.,  B.  Sc,  E.  E.,  '04.     115  Broadway,  N.  Y.  G,  Eng.  N.  Y. 

Office,  Ford,,  Bacon  &  Davis. 
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Schaufelberger,  F.  J..  B.  Sc,  '02.     1544  E.  30th   St.,  Los  Angeles,   Cal., 

Railroad  Draftsman. 
Schreiber,   Arthur  G.,   B.  Sc,   C.  E.,   '07.     Manzanilla,   Cuba,   Asst    Eng. 

Dept.  of  Public  Works. 
Schoonover,    W.    L.,    B.  Sc,    E.  E.     '06.      Mountainside,    N.    J.,    Western 

Elec.  Co. 
Searles,  H.   C,  B.  Sc,  C.  E.,  '02.     Rock   Ford,   Colo..  Locating  Engineer 

Mo.  Pac  R.  R. 
Sears,  A.  K,  B.  Sc,  E.  E.,  '06.     Schenectady.  N.  Y..  General  Elec.  Co. 
Senger,  H.  L.,  B.  Sc,  E.  E.,  '93.     Chicago,  III..  Arnold  Elec.  Power  Sta. 

Company. 
Shane,  A.  B.,  B.  Sc,  E.  E.,  '01.     Ames,  Iowa,  Asst.  Prof.  E.  E.  in  Iowa 

Stale  College. 
Sheldon,  L.  A.,  B.  Sc,  M.  E.,  '05.     Schenectady,  N.  Y.,  General  Elec  Co. 
Skinner,  C.  A.,  Ph.  D.,  '93.    Lincoln,  Neb.,  Prof.  Physics.  U.  of  N. 
Slaughter,  C.  D.,  B.  Sc,  E.  E.,  '07.     31  R  St.  N.  E..  Washington,  D.  C, 

Chief  Eng.  Leman  Bldg.,  War  Department. 
Smith,    A.    B.,    B.  Sc,    E.  E..    'oi.      Lafayette,    Ind.,    Prof.    Telephony   in 

Purdue  University. 
Smith,  C.  K.,   B.  Sc,   C.  E.,   '07.     Care  Eng.   Constr.  &  Maint.   P.  R.  R. 

Colon,  R  P.,  Draftsman  Panama  R.  R. 
Standeven,  W.  E.,  B.  Sc,  C.  E.,  '07.    Oklahoma  City,  Okla.,  Sec  Board  of 

Health. 
StanclifF,  A.  B.     Houston,  Texas. 
Steel,   A.    A.,    B.  Sc,    C.  E.,   '99.     Fayetteville,    Ark.,    Prof.    Mining   Eng. 

University  of  Arkansas. 
Stevens,  J.   C,   B.  Sc,   C.  E.,  '05.     209   Til  ford   Bldg.,   Portland,   Oregon, 

Engineer  U.  S.  Gcol.  Survey. 
Stockton,    W.    L.,    B.  Sc,    '93.      Chicago,    111.,    Agency    Supervisor    Sales 

Dept.  Western  Elec.   Co. 
Stone,  C.  L.,  B.  Sc,  '98.     Schenectady,  N.  Y. 
Stout,  O.  V.  P.,  B.  C.  E.,  '88  and  C  E.,  '97.     Lincoln,  Neb.,  Prof.  C.  E 

in  U.  of  N. 
Sturdevant,  W.  C,  B.  Sc,  C.  E.,    03.     Payette,  Idaho. 
Swartout,  R.  A.,  Omaha.  Neb.,  Chief  Eng.  Standard  Bridge  Co. 
Swoboda,  A.  R.,  B.  Sc,   E.  E..   '03.     E.  E.,  '07.     Kellogg  Switchboard  & 

Supply  Co.,  Chicago,   111.,  Eng.   Dept. 

Thurbcr,  G.  P.,  B.  Sc.  '09.     Pittsburg,  Pa.,  Pres.  of  Pittsburg  Eng.  Co. 
Tinker,  G.  H.,  B.  C.  E.,  '90,  420  Hickox  Bldg.,  Cleveland,  O.,  Bridge  Eng. 

X.  Y.  C.  &  St.  L.  Ry. 
Towne,  R.  E.,  B.  Sc,  E.  E.,  '05.     Pittsburg,  Pa.,  Westinghouse  Mfg.  Co. 
Trail,  R.  A.,  B.  Sc,  C.  K..  '97.     Lincoln,  Neb,  Office  City  Eng. 
Turner,  L.   \V.,   B.  Sc,   M.  E..    05.     9  Grove   Place,   Schenectady,   N.   Y.. 

General  Elec.   Co. 
Turner,  R.  E.,  B.  Sc,  E.  E.,   06. 
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Tynes,  T.  E.,  E.  E.,  '96.    ion  Lafayette  Ave.,  Buffalo,  N.  Y.,  Elec  Eng. 

Lackawanna  Steel  Co. 
Ware,    Norton,    B.  Sc,    C.  E.,    '04.      San    Francisco,    Cal.,    Bridge    Eng. 

Western  Pacific  Ry.  Co. 
Warner,  C.  D.,  B.  Sc,  E.  E.,  '96.    Newark,  N.  J.,  Moore  Elec.  Co. 
Warren,  H.  P.,  '05.    Panama  R.  R.,  Cristabol,  C.  Z. 
Weeks,    Otis,   B.  Sc,    C.  E.,   '95.      Portage    la    Prairie,    Manitoba,    Grand 

Trunk  Ry. 
Weeks,  Paul,  B.  Sc,  C.  E.,  *oo.     Philadelphia,  Pa.,  Baldwin  Locomotive 

Works. 
Weeks,  C.  W.,  B.  Sc,  E.  E.,  '98.     Fort  Crook,  Omaha,  Neb.,   1st  Lieut. 

30th  Inf.  U.  S.  A. 
Wellensick,  A.  H.,  B.  Sc,  E.  E.,  '06.     Pittsburg,  Pa.,  Westinghouse  Mfg. 

Company. 
Westover,  Jno.,  A.  B.,  '04.     Lincoln,  Neb.,  Westover  Iron  Works. 
Wheeler,  R.  A.,  '04.     Kansas  City,  Mo.,  Metropolitan  Street  R.  R. 
White,  A.  B.,  C.  E.,  '84.     Salida,  Colo.,  D.  &  R.  G.  R.  R. 
White,  R.  H.,  B.  Sc,  E.  E.,  '05.  Schenectady,  N.  Y.,  American  Locomotive 

Works. 
Wilson,  Hugh,  B.  Sc,  C.  E.,  '97.     Salida,  Colo.,  Asst.  Supt.  D.  &  R.  G. 

K..    XV. 

Wilson,  G.  E.,  B.  Sc,  M.  E.,  '06.    41 14  10th  Ave.,  N.  E.  Seattle,  Wash., 

Prof.  M.  E.  in  Washington  University. 
Wilson,  A.  R.,  B.  Sc,  C.  E.,  '07.     Box  596,   Pueblo,  Colo.,  Eng.  Pueblo 

Bridge  Co. 
Woodward,  W.  R.,  B.  Sc,  E.  E.,  '07.     1259  Franklin  ave.,  Wilkinsburg, 

Pa.,  Apprentice  West.  E.  &  M.  Co. 

Yates,  B.  C,  B.  C.  E..  '92.     527  S.  Mill  St.,  Lead,  So.  Dak.,  Asst.  Chief 
Engineer,  Homestake  Mining  Co. 
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TRADE  NOTES. 

Mr.  W.  C.  Shinn,  manufacturer  of  soft  copper  cable  light- 
ning rods,  has  hit  upon  a  novel  method  of  demonstrating  the 
principle  of  the  lightning  rod. 

Miniature  buildings  are  placed  under  the  discharge  disc  of  a 
wonderfully  compact  static  machine;  the  discharge  of  which 
strikes  the  miniature  as  lightning  strikes  a  full  sized  building. 
By  protecting  the  model  structure  with  a  model  lightning  rod, 
he  plainly  shows  how  the  electrical  discharge  follows  the  rod  to 
the  ground  thus  protecting  the  building. 


MECHANICAL  REFRIGERATION. 

Mechanical  refrigeration  is  now  adapted  to  many  uses  not 
heretofore  thought  of.  One  of  the  uses  that  it  is  put  to  is  re- 
ferred to  below. 

The  most  prominent  industry  of  Milwaukee,  as  shown  by 
statistics,  is  the  machinery,  iron  and  steel  industry,  and  a  promi- 
nent factor  in  the  line  is  the  Vilter  Mfg.  Co.,  with  offices  at  1156 
Clinton  street,  Milwaukee.  Wis.,  covering  a  plat  of  ground  five 
acres  in  size,  all  of  which  is  practically  covered  by  the  buildings 
of  the  concern,  which  are  up-to-date  in  every  respect  and 
equipped  with  the  latest  machinery  and  tools  and  facilities  for 
handling  all  classes  of  work.  The  Vilter  Mfg.  Co.  builds  a 
complete  line  of  ice-making  and  refrigerating  machinery,  Corliss 
steam  engines,  brewers'  machinery  and  bottling  outfits,  and  the 
concern's  product  is  shipped  to  all  parts  of  the  civilized  world. 

The  largest  single  contract  ever  closed  for  a  refrigerating 
plant  was  placed  with  The  Vilter  Mfg.  Co.  a  short  time  ago  by 
the  Illinois  Steel  Company  oi  Chicago,  comprising  a  if  100-ton 
refrigerating  plant  in  four  units  to  he  installed  at  its  plant  in 
South  Chicago,  and  each  machine  is  comprised  of  duplex  am- 
monia compressors  driven  by  cross  compound  condensing  Vilter 
Corliss  engines.  The  plant  is  being  furnished  by  the  Vilter  Mfg. 
Co.  complete  and  is  installed  for  a  special  process  of  drying  air 
for  the  blast  furnaces  of  the  Illinois  Steel  Co.,  a  process  by  which 
the  cost  of  production  is  greatly  reduced. 
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ENGINEERING  EDUCATION. 

BY   WILLIAM   CLARENCE   WEBSTER,   PH.  D., 
ProfeMor  of  Commerce. 

One  of  the  most  notable  recent  tendencies  in  higher  educa- 
tional institutions  is  the  very  large  increase  in  the  number  of 
students  taking  engineering  courses.  A  recent  investigation 
shows  that  the  number  of  engineering  students  in  our  colleges 
and  universities  increased  102  per  cent  during  a  four-year 
period,  while  the  number  of  students  in  arts  and  science  courses 
increased  only  15  per  cent  during  the  same  period.  This  tendency 
and  the  general  drift  of  modern  educational  systems  towards 
the  utilitarian  ideal  is  bemoaned  by  many  arch-defenders  of  the 
old  order,  who  can  see  in  it  nothing  but  a  wanton  sacrifice  of 
culture  and  disciplinary  training  on  the  altar  of  selfish  com- 
mercialism. The  author  of  this  short  paper,  for  one,  does  not 
share  this  feeling.  He  sees  in  it  rather  a  manifestation  of  a 
general  tendency  in  education  that  started  in  the  earliest  civili- 
zations, endured  and  grew  stronger  with  each  wave  of  develop- 
ment. From  the  earliest  times  to  the  present  the  prime  object 
of  every  educational  system  has  been  to  fit  the  student  for  the 
environment  in  which  he  was  placed.  All  along  the  course  of 
educational  development  one  can  see  the  prevailing  educational 
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methods  of  different  periods  deeply  influenced  by  fundamental 
social  conditions  and  these  social  conditions  in  turn  vitally  af- 
fected by  the  prevailing  educational  methods.  As  far  back  as 
the  historian  can  peer  into  the  world's  development  he  finds 
each  civilization  possessed  of  an  educational  system  peculiar  to 
itself:  the  Chinese  had  one  system,  the  Hindoos  another,  the 
Greeks  another,  and  the  Romans  still  another;  and  each  was 
admirably  suited  to  the  ends  to  be  attained. 

Coming  down  to  modern  times  the  careful  student  finds  that 
every  new  type  of  education  has  been  called  forth  by  new  social 
problems,  and  that  new  conditions  have  frequently  altered  the 
whole  field  of  educational  methods.  The  Renaissance  unlocked 
for  Europe  the  wealth  of  classical  learning  and  fixed  the  study 
of  Greek  and  Latin  in  school  curricula.  That  may  be  considered 
the  beginning  of  the  so-called  "classical  courses"  which  have 
persisted  to  this  day  and  continue,  no  doubt,  to  serve  certain 
useful  purposes  for  some  students.  The  first  radical  revision  of 
the  old  classical  college  course  was  caused  by  the  development  of 
natural  science  and  its  introduction  as  a  systematic  study  into 
the  college  course.  The  organization  of  great  states  in  western 
Europe  in  early  modern  times  necessitated  the  study  of  history, 
political  science,  jurisprudence,  economics  and  finance.  Event- 
ually also  a  home-grown  culture  in  western  Europe  and  America 
made  possible  the  profitable  study  of  modern  languages  and 
literatures.  Then  came  still  newer  conditions,  the  result  largely 
of  industrial  evolution,  which  conditions  were  destined  to  in- 
fluence the  functions  and  methods  of  the  school  quite  as  power- 
fully as  any  previous  force.  The  growth  of  industry  from  the 
crude  hand-working  stage  to  the  modern  factory  system  led  to 
the  establishment  of  numerous  technical  schools  for  engineers, 
chemists,  electricians  and  others,  and  the  development  of  new 
methods  for  the  realization  of  educational  ideals.  No  one  today 
doubts  the  advantage  of  technical  schools ;  they  are  as  strongly 
instructed  and  as  liberally  supported  as  the  older  professional 
schools  for  the  study  of  law  and  medicine. 

What  we  wish  to  emphasize  in  this  very  brief  outline  of  the 
world's  educational  development  is  this.  To  a  great  extent  the 
school  has  always  been  a  faithful  reflection  of  the  civilization 
of  every  people  and  period.  From  first  to  last  the  prime  object 
of  every  educational  system  has  been  to  fit  the  student  for  his 
life  environment.     Indeed,  if  any  educational  system   is  to  be 
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successful  it  must  have  this  for  its  object.  We  see  therefore 
that  the  modern  utilitarian  trend  of  education  is  really  only  a 
manifestation  of  a  general  tendency  that  has  always  prevailed  and 
must  necessarily  prevail.  If  we  are  to  criticize  this  tendency  at 
present,  we  must  criticize  the  environment  upon  which  it  is 
based ;  if  the  present  direction  of  this  tendency  is  to  be  changed, 
the  environment  must  be  changed.  It  is  as  idle  to  try  to  check 
this  utilitarian  tendency  in  education  as  to  try  to  stop  Niagara, 
and  as  undesirable.  Technical  schools  and  .engineering  courses 
have  come  to  stay  and  are  bound  to  increase  in  numbers,  size 
and  importance  as  the  years  go  by. 

It  may  not  be  amiss  to  call  attention  to  a  still  more  recent 
tendency  in  educational  development,  viz.,  the  creation  of  schools 
and  departments  in  many  large  universities  for  providing  higher 
training  for  business.  The  recent  marvelous  evolution  of  in- 
dustry and  commerce  has  created  material  for  an  important 
group  of  new  sciences,  has  brought  into  existence  many  new 
businesses  and  professions,  and  created  a  corresponding  need 
for  special  training  for  those  who  expect  to  play  their  part 
effectively  in  the  new  world  of  business.  These  new  business 
training  courses  and  the  somewhat  older  engineering  courses 
rest  upon  much  the  same  line  of  defense,  viz.,  the  need  of  fitting 
young  men  and  women  for  their  life  environment.  For  many 
lines  of  business  the  purely  technical  engineering  course  is  the 
best  preparation,  for  others  the  typical  engineering  course  plus 
certain  special  studies  calculated  to  broaden  the  view  and  give 
a  deeper  insight  into  modern  business  conditions  is  best,  while 
for  many  lines  of  business  an  entirely  different  training  is 
necessary. 

While  the  recent  great  increase  in  the  number  of  engineering 
students  in  our  universities  and  technical  schools  is  in  accord  with 
the  spirit  and  needs  of  the  age,  and  as  such  a  tendency  is  not 
to  be  deplored,  it  is  nevertheless  true  that  there  is  a  great  need 
for  broadening  the  training  given  in  such  schools.  Fortunately 
this  need  is  rapidly  coming  to  be  recognized  quite  generally.  For 
example,  this  very  subject  attracted  considerable  attention  at 
the  recent  summer  conventions  of  the  Institute  of  Electrical 
Engineers  and  the  Society  for  the  Promotion  of  Engineering 
Education.  In  fact,  there  seems  to  be  a  general  awakening 
concerning  the  breadth  of  the  field  which  the  modern  engineer 
is  called  upon  to  occupy  and  the  corresponding  need  for  his 
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broader  training.  Thus  far  the  greatest  demand  made  upon 
our  engineering  schools  and  departments  has  been  for  technical 
specialists — chemists,  draftsmen,  designers,  electricians,  machine 
engineers,  power-plant  managers,  etc.  This  demand  will  prob- 
ably continue  to  be  a  strong  one,  but  the  modern  engineer  must 
be  something  more  than  a  mere  technician,  however  skillful,  if 
he  would  avail  himself  of  the  greatest  oportunities  offered  by 
the  industrial  world  today.  More  and  more  frequently  nowa- 
days the  engineer  is  called  upon  to  become  the  manager  and 
executive  of  great  enterprises.  The  world,  and  especially  the 
United  States,  was  never  in  greater  need  of  industrial  leader- 
ship. In  all  fields  industries  are  suffering  from  a  lack  of  men 
who  are  not  only  thoroughly  familiar  with  industrial  processes 
and  technical  details,  but  also  have  a  broad  view  and  a  thorough 
business  training.  Many  small  industries,  as  well  as  large  ones, 
are  waiting  for  superintendents,  managers  and  leaders  who  have 
something  more  than  technical  knowledge.  Ambitious  engineer- 
ing students,  therefore,  should  receive  such  supplementary 
training  as  will  enable  them  readily  and  quickly  to  be  developed 
into  industrial  managers. 

There  is  also  a  growing  demand  for  engineers  in  the  sales 
and  purchasing  departments  of  our  large  industrial  corporations. 
The  graduates  of  the  engineering  departments  of  our  own  uni- 
versity are  already  finding  lucrative  employment  as  engineering 
salesmen  to  such  an  extent  as  to  make  it  unnecessary  to  elucidate 
the  opportunities  offered  in  this  field.  It  is  not  so  well  known, 
however,  that  the  purchasing  departments  of  large  industrial 
establishments  are  already  being  invaded  by  the  engineer.  In 
most  manufacturing  plants  technical  knowledge  can  be  made  a 
very  large  factor  in  the  advantageous  purchase  of  raw  materials 
and  supplies,  and  in  many  lines  of  manufacturing  an  engineer, 
who  at  the  same  time  has  had  a  sound  training  in  business 
administration,  commercial  geography  and  certain  other  sub- 
jects, makes  a  much  better  purchasing  agent  than  one  without 
his  technical  knowledge.  The  engineer  is  better  qualified  to 
make  a  careful  and  systematic  study  of  the  requisite  qualities 
and  characteristics  of  many  raw  materials;  he  can  select  the 
best  and  most  suitable  material  for  each  particular  function, 
inspect  all  such  materials  when  delivered,  judge  the  proper 
prices  to  be  paid,  secure  quick  deliveries  and  constantly  watch 
for  opportunities   for  betterment.     This   fact   is  coming  to  be 
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recognized  and  consequently  there  is  an  increasing  demand  for 
engineers  as  purchasing  agents  in  some  lines  of  manufacture. 

This  growing  demand  for  engineers  with  a  broad  training 
for  managers,  superintendents,  salesmen,  purchasing  agents  and 
other  positions,  raises  two  questions.  What  are  the  most  suitable 
subjects  of  study  for  such  students,  other  than  the  merely  tech- 
nical? How  is  such  instruction  to  be  provided?  Manifestly 
many  subjects  which  would  undoubtedly  be  very  cultural  and 
helpful  must  be  left  out  of  consideration  simply  because  the 
engineering  courses  necessarily  are  so  crowded  with  purely  tech- 
nical subjects  as  to  leave  very  little  time  for  other  lines  of  study. 
A  recent  examination  of  the  engineering  courses  of  twelve  repre- 
sentative institutions  shows  that  an  average  of  only  about  12  per 
cent  of  the  total  credits  was  devoted  to  such  subjects  as  English 
and  modern  languages,  history,  political  science,  economics,  juris- 
prudence, accounting,  etc.,  the  remainder  being  purely  technical 
studies  and  those  directly  related  and  fundamental  to  the 
technical  subjects,  such  as  mathematics,  physics  and  chemistry. 
In  our  own  university  each  of  the  four-year  engineering  courses 
requires  four  credits  in  English.  The  civil  engineering  course 
also  provides  for  twenty-one  elective  credits  out  of  a  total  of 
125,  the  electrical  engineering  course  for  12  elective  credits  out 
of  a  total  of  126,  the  mechanical  engineering  course  for  11  elect- 
ive credits  out  of  a  total  of  127.  This  meagre  opportunity  for 
electives  necessarily  bars  out  any  such  study  of  ancient  or  modern 
languages  and  some  other  cultural  subjects  as  would  be  of  any 
great  benefit.  What,  then,  are  the  subjects  within  the  time  limits 
of  the  engineering  studies,  as  the  courses  are  now  constructed, 
which  will  not  only  broaden  his  culture  but  at  the  same  time 
be  most  directly  beneficial  in  fitting  him  for  his  future  environ- 
ment, for  securing  and  efficiently  filling  the  positions,  other  than 
merely  technical,  now  opening  in  increasing  numbers?  The 
author  of  this  paper  thinks  that  the  following  subjects  of  study 
will  best  accomplish  both  of  these  desired  objects:  general 
principles  of  economics,  elements  of  accounting,  commercial  and 
industrial  geography,  American  industries,  corporation  finance 
and  management,  factory  organization  and  management,  trans- 
portation, money,  banking,  industrial  history,  and  commercial 
law.  The  fact  that  many  manufacturers  are  compelled  to  seek 
foreign  markets  for  their  wares  also  makes  a  study  of  foreign 
commerce  desirable  and  even  necessary  for  many  of  their  em- 
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ployees.  Of  course,  few  engineering  students,  with  the  available 
time  at  their  disposal,  caii  ever  study  all  of  these  subjects;  they 
must  choose  from  them  according  to  their  tastes  and  with 
reference  to  the  particular  lines  of  work  they  expect  to  follow 
in  active  life. 

Not  only  should  our  universities  offer  the  above  courses  to 
all  engineering  students,  but  they  should  adapt  such  training  to 
the  needs  and  qualifications  of  such  students.  There  are  two 
general  types  of  schools  in  this  country  for  training  engineers: 
(i)  technical  schools,  pure  and  simple,  such  as  the  Massachu- 
setts Institute  of  Technology  and  the  Rensselaer  Polytechnic 
Institute,  and  (2)  the  engineering  departments  of  universities 
and  colleges.  In  both  types  of  school  the  environment  of  the 
engineering  student  is  necessarily  very  different  from  that  of 
students  in  the  arts  and  science  courses.  The  overwhelming 
preponderance  of  purely  technical  work  necessarily  required  of 
the  former  tends  to  jiake  it  very  difficult  for  them  to  study  such 
subjects  as  those  just  enumerated  in  the  same  manner  as  the 
latter.  Consequently  the  method  of  presenting  such  subjects 
to  engineering  students  should  be  different  from  that  used  with 
arts  and  science  students.  The  instructor  should  keep  clearly 
in  mind  that  engineering  students  who  come  to  him  for  supple- 
mentary training  are  not  seeking  to  become  specialists  in  any- 
thing but  their  own  line  of  work.  Nevertheless  general  lecture 
or  text-book  courses  in  these  supplementary  subjects  may  be 
made  none  the  less  inspiring  and  broadening.  Furthermore, 
even  a  general  knowledge  of  these  subjects  will  be  directly  help- 
ful to  the  engineering  student  when  he  enters  active  life. 

Just  a  word  in  conclusion  concerning  the  opportunities  for 
such  supplementary  training  offered  to  engineering  students  in 
the  University  of  Nebraska.  The  Department  of  Political  Econ- 
omy and  Commerce  offers  a  number  of  courses  that  cannot  fail  to 
be  helpful  to  all  engineering  students  who  are  looking  forward 
to  other  than  purely  technical  pursuits,  and  some  of  these  courses 
would  be  very  desirable  even  for  those  who  do  expect  to  be  mere 
technicians.  Besides  Elementary  Political  Economy,  Money, 
Banking,  Finance,  American  Economic  History,  Insurance,  For- 
eign Commerce,  History  of  Commerce  and  Labor  Problems, 
there  are  several  courses  that  are  very  directly  and  intimately 
related  to  the  work  of  engineering  students,  especially  those  who 
expect  to  become  industrial  managers  and  superintendents,  or 
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employees  in  the  purchasing  and  sales  departments  of  industrial 
corporations.  Among  these  may  be  mentioned  Accounting,  Com- 
mercial Geography,  American  Industries,  Business  Organization, 
Corporation  Finance  and  Railroad  Problems.  In  some  of  these 
courses  an  effort  is  made  to  adapt  the  subject  matter  and  the 
method  of  presentation  to  the  special  needs  and  qualifications  of 
engineering  students.  Quite  a  number  of  such  students  have 
already  taken  the  courses  and  it  is  to  be  hoped  that  many  more 
will  do  so  in  the  future.  In  this  way  many  will  become  much 
better  fitted  to  secure  and  successfully  hold  certain  desirable 
positions  in  the  industrial  world,  for  which  merely  technical 
knowledge  does  not  adequately  prepare. 


THE  FAILURE  AND  RECONSTRUCTION  OF  THE 

TUINUCC  RIVER  BRIDGE. 

BY  JOSEPH  A.  SARGENT,  '03. 

This  paper  is  a  non-technical  exposition  of  the  wreck  an 
subsequent  reconstruction  of  a  bridge — the  kind  of  a  job  tha 
the  maintenance-of-way  engineer  may  be  called  upon  to  handl 
in  any  tropic  country  where  a  railroad,  newly  built  under  rud 
orders,  finds  itself  subjected  to  a  general  test  by  flood.  Sud 
a  job  is  worth  talking  about  only  for  the  lessons  it  teaches  thou 
who  are  willing  to  profit  by  the  experience  of  themselves  am 
others. 

The  rebuilding  of  a  wrecked  structure  confronts  the  roadwaj 
engineer  with  a  condition  and  a  theory,  with  the  latter  in  thf 
back-ground  or  in  abeyance  until  trains  are  running  once  mofi 
on  schedule.  Usually  on  a  new  railroad  where  the  vital  profaj 
lem  of  existence  is  to  make  earnings  pay  interest  on  bonds  an4 
also  cover  operating  costs,  the  maintenance  engineer  has  til 
time  so  fully  occupied  with  the  details  of  daily  routine  thai 
when  he  must  add  the  handling  of  a  special  emergency  job  a 
some  magnitude  to  his  regular  work,  he  has  scant  time  to  devot 
to  the  study  of  cause  and  effect.  He  must,  therefore,  anticipatJ 
accidents  in  any  department  of  the  service  and  in  so  far  as  b 
may,  proceed  to  remedy  them  as  soon  as  they  occur. 

After  the  nut  has  worked  loose  it  is  up  to  the  roadway  force 
as  Kipling  might  say,  to  "put  the  two  streaks  of  rust  into  plao 
once  more."  It  is  a  case  where  there  is  very  little  time  to  malo 
comparative  studies  of  "what  to  do." 

In  anticipating  the  handling  of  emergency  duties  the  writa 
knows  of  no  sounder  counsel  to  be  absorbed  into  one's  brail 
fiber  than  the  truth  so  often  quoted  by  Theodore  Cooper :  "Thi 
most  perfect  system  of  rules  to  insure  success  must  be  inte* 
preted  upon  the  broad  grounds  of  professional  intelligence  am 
common  sense."  ' 

THE  TUINUCO  RIVER  BRIDGE. 

The  Tuinucu  river  bridge  lies  on  the  Sancti  Spiritus  brand 
of  the  Cuba  railroad,  spanning  the  river  of  similar  name.  B 
is  330  feet  in  length  over  all.    The  original  structure  was  suji 
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ported  on  steel  towers  having  their  footings  supported  on 
masonry  pedestals.  The  top  of  each  pedestal  was  built  up  to 
a  level  higher  than  previously-recorded  high  water. 

The  bridge  is  made  up  of  sixty-foot  deck  girders  between 
towers  and  thirty-foot  deck  girders  over  towers  with  a  ninety- 
foot  span  deck  Warren  truss  over  the  normal  waterway  of  the 
river. 

The  towers  were  originally  built  with  standard  sway  "X" 
bracing.  The  "X"  bracing  of  the  towers  caused  the  failure  of 
the  bridge  when  subjected  to  extraordinary  flood  conditions. 
(Note  sketches  of  the  original  structure  and  photographs  show- 
ing accumulation  of  drift  on  the  "X"  braces.) 

The  Tuinucti  river,  like  many  other  tropic  streams,  is  sub- 
ject to  occasional  floods  that  have  their  origin  in  heavy  rains  or 
cloud  bursts  in  neighboring  low  mountains.  The  high  gradients 
of  the  headwaters  of  the  streams  of  this  nature  cause  a  rapid 
and  violent  run-off  of  storm-waters  which  it  is  difficult  to 
estimate. 

THE  STORM    THAT   CAUSED  THE  FLOOD. 

Beginning  in  the  afternoon  of  November  6th,  1906,  and  con- 
tinuing during  the  night  and  a  greater  part  of  the  next  day,  we 
experienced  a  general  deluge  of  rain  that  extended  over  prac- 
ticallv  all  of  our  four  hundred  miles  of  track.  If  the  rain  had 
been  furnished  according  to  plans  and  specifications  it  could 
not  have  more  thoroughly  subjected  our  lines  to  the  test  by 
flood. 

In  some  zones  of  the  storm  the  sugar  plantations  reported 
that  during  one  period  of  the  rain  nine  inches  of  water  fell 
during  five  hours.  The  rain-fall  data,  however,  are  subject  to 
question,  though  the  amount  of  water  that  fell  was  enormous. 

A  large  percentage  of  streams  in  the  storm  area  ran  at 
random  out  of  their  banks.  It  speaks  well  for  the  good  judg- 
ment of  the  engineers  who  located  our  lines  that  the  lines  they 
laid  down  were  so  true  to  natural  drainage  crests  that,  except 
for  the  failure  of  the  Tuinucu  bridge,  we  suffered  only  a  few 
small  embankment  erosions  that  were  quickly  filled  by  extra 
gangs.  Having  over  450  miscellaneous  waterways,  bridges, 
trestles,  culverts  and  cattle-passes,  it  is  worthy  of  note  that 
under  the  most  severe  flood  test  that  seems  probable  we  lost 
by  flood  less  than  one-quarter  of  one  per  cent  of  the  structures 
subject  to  the  test. 
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It  is  worth  stating  that  the  above  small  percentage  of 
under  the  stress  of  such  flood  tests  shows  that  tropic  raili 
can  be  so  built  as  to  compare  very  successfully,  in  ability 
withstand  floods,  with  railroads  in  our  States  where  floods 
the  kind  here  described  are  seldom  encountered. 

The  value  of  common  sense  drainage  studies  during  local 
can  hardly  be  overestimated,  but  very  little  that  is  sure 
safe  can  be  determined  by  consultation  of  empirical  di 
formulae.    In  the  first  place,  the  tropic  jungles  make  the 
of  running  around  the  average  drainage  area  prohibitive, 
other  means  than  measuring  drainage  areas  must  be  used 
determine  the  sizes  of  bridge  openings  in  regions  where 
jungles  have  not  been  cleared.     It  is  the  writer's  opinion 
conditions  of  general  freshet  such  as  carried  away  the  Tuini 
bridge  transcend  all  flood  conditions  that  drainage  area  or 
off  formulae  are  likely  to  indicate. 

The  writer  believes  that  the  best  general  method  to  1< 
heights  of  important  bridges  in  a  tropic  district  that  is 
opened  to  civilization  by  the  building  of  a  railroad  under 
orders,  is  for  the  bridge  engineer  or  reliable  assistants  to 
on  the  banks  of  the  rivers  during  the  "primaveras"  and 
porales"  of  the  rainy  seasons.    Let  the  engineers  get  up  in 
night  if  necessary  to  mark  the  high-water  lines  during  1< 
floods.     The  bridge  engineer  should  also  hold  caucus  with 
local  brotherhood  of  the  Universal  Society  of  High  Water  Li 
that  one  is  sure  to  find  among  the  oldest  inhabitants,  if  inhi 
itants  there  be.    Take  the  mean  level  of  the  high-water  lies, 
it  a  trifle  with  what  you  believe  your  own  first-hand  observati< 
have  told  you,  then  raise  your  bridge  level  three  meters  al 
the  probable  mean  you  have  selected  in  order  that  floating 
limbs  may  not  reach  up  and  pull  your  bridge  from  its  seat. 

Having  thus  studied  your  waterway,  for  a  job  where 
are  working  overtime  to  get  ready  for  the  track  and  steel 
you  may  put  in  your  steel  work  with  prayers  that  it  will  s1 
until  it  rusts  out.  If  the 'bridge  fails  after  this,  you  can  1< 
wise  and  blame  it  to  providence.  The  writer  has  come  to  thflf>! 
belief  after  having  assisted  at  the  obsequies  of  several  tropin 
bridges  that  were  located  by  engineers  of  unquestioned  goot£J 
judgment  and  international  reputation.  ■■H 

As  a  matter  of  fact,  nearly  all  tropic,  inland,  mountain-fe 
streams,  unless  they  are  bound  by  deep  canons,  overflow  the 
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banks,  so  it  can  be  usually  accepted  as  axiomatic  that  the  steel 
should  be  well  above  the  banks,  even  where  the  banks  rise  fifty 
or  sixty  feet  above  the  normal  water  level. 

THE  FAILURE  OF  THE  BRIDGE. 

In  the  accompanying  sketches  and  photographs  the  rise  of 
the  river  is  shown,  compared  to  the  rise  of  previously-recorded 
high  waters,  also  compared  to  low  water. 

The  bridge  failed  due  to  the  banking  up  of  "Cana  Brava" 
(local  name  for  Cuban  bamboo)  and  other  floating  debris.  The 
sway  "X"  bracing  of  the  steel  towers  caught  the  "Cana  Brava," 
causing  an  entanglement  that  accumulated  other  debris,  and 
eventually  formed  a  jam. 

The  jam  against  each  tower  continued  to  grow  until,  when 
the  accumulation  of  debris  had  gathered  sufficient  mass,  the 
south  tower  failed  by  sliding  off  its  pedestals,  taking  with  it 
the  upper  masonry  courses  of  the  pedestals,  as  shown  in  the 
sketches  and  photographs,  and  the  bridge  was  swept  down 
stream  by  the  current  much  as  if  it  were  a  wisp  of  straw  trying 
to  out-face  a  Kansas  cyclone. 

In  regard  to  the  jam  that  carried  away  the  towers,  it  should 
be  noted  that  the  only  trees  in  Cuba  that  float  are  the  soft-wood 
varieties.  The  native  hard  woods  are  so  dense  that  they  are 
heavier  than  water  and  therefore  sink,  except  in  some  cases 
when  they  are  partially  buoyed  up  by  becoming  entangled  with 
lighter  debris,  in  which  cases  they  may  be  dragged  down  stream 
in  the  middle  height  of  the  current  or  along  the  stream  bed. 

As  there  are  over  eighty  varieties  of  Cuban  woods  of  varying 
densities,  when  an  unusual  flood  erodes  the  banks  of  the  larger 
streams,  it  will  be  seen  that  the  current  may  at  times  be  carry- 
ing debris  at  varying  velocities,  from  the  light  "Cana  Brava" 
and  softer  woods  on  the  surface  to  the  denser  hard  woods 
moving  in  mid-current  or  dragging  on  the  bottom.  "Caoba" 
(mahogany)  is  one  of  the  moderately  hard  woods.  Compared  to 
other  native  hard  woods  "Caoba"  rates  as  second  class  for  ties 
and  bridge  timber,  and  is  then  accepted  only  when  there  is  a 
scarcity  of  the  other  native  hard  woods,  which  are  superior  to 
"Caoba"  in  longevity. 

THE  RECONSTRUCTION. 

After  due  inspection  of  the  steel  wreckage  where  it  had  been 
playfully  distributed  over  several  acres  of  river  bottom,  it  was 
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found  that  comparatively  few  rivets  had  been  sheared.  The 
only  parts  that  had  twisted  or  bowed  or  buckled  while  subjected 
to  the  force  of  the  current  were  a  few  minor  members,  struts 
and  lattice  work.  Each  major  member  of  the  girders  and  truss 
had  fortunately  not  been  distorted  to  an  appreciable  amount. 

A  new  bridge  was  roughly  figured  on  for  comparative  pur- 
poses, but  considering  the  fact  that  we  had  the  old  steel,  free 
in  the  river,  except  for  the  labor  cost  of  salvage,  it  was  decided 
to  redesign  and  reconstruct  the  piers  and  reassemble  the  old 
steel  in  its  original  position  with  the  exception  of  eliminating 
the  sway  "X"  bracing  which  had  formed  the  jam  and  caused 
the  bridge  to  fail. 

It  was  found  that  by  reconstructing  the  bridge  by  using  the 
old  steel,  replacing  with  new  steel  from  our  shops  the  injured 
minor  members  and  lattice  work,  and  by  reconstructing  the  piers 
(as  shown  on  the  accompanying  sketch  of  the  new  piers),  we 
could  save  upwards  of  30  per  cent  of  the  cost  of  a  new  bridge 
and  also  have  what  is  believed  to  be  a  safe  structure. 

The  remains  of  the  old  piers  were  found  to  be  in  safe  con- 
dition, having  been  built  upon  native  hardwood  pile  clusters, 
with  all  points  of  cut-off  under  water,  needing  only  the  deposit- 
ing of  rip-rap  around  the  base  of  the  piers  to  prevent  under- 
cutting of  the  river  bed,  and  it  was  decided  to  use  the  old  piers 
as  cores  for  building  up  new  reinforced  concrete  piers  to  a 
level  well  above  the  newly-established  high-water  mark.  (Note 
accompanying  photographs  showing  reinforcement  to  secure 
bond  between  new  concrete  and  old  masonry). 

At  the  time  we  were  obliged  to  reconstruct  the  bridge,  United 
States  steel  manufacturers  were  rushed  with  orders  and  were 
asking  for  ninety  days'  notice  before  fabricating  steel  for  new 
orders,  so  the  decision  to  pick  up  and  reassemble  the  old  steel 
in  the  river,  besides  costing  less  than  a  new  bridge,  offered  us 
the  most  expeditious  method  of  putting  the  bridge  over  the 
Tuinucu  river  to  work. 

THE  TEMPORARY  TRESTLE. 

As  soon  as  timber  could  be  hauled  to  the  bridge  site  a 
temporary  trestle  was  built  to  serve  a  double  purpose :  to  ac- 
commodate train  traffic  at  the  earliest  moment  and  to  serve  as 
false  work  for  rebuilding  the  bridge. 

The  temporary  trestle,  as  built  to  let  trains  over  provisionally, 
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was  of  course  much  heavier  than  would  have  been  necessarv 
if  its  duties  had  been  limited  to  serve  as  false  work  for  steel 
erection.  In  order  to  operate  trains  we  were  obliged  to  take 
the  chance  of  the  occurrence  of  another  flood  before  the  duties 
of  the  temporary  trestle  were  ended.  Fortunately  the  dry  season 
set  in  almost  at  once  after  the  big  flood,  and  our  gamble  on  the 
stability  of  the  timber  structure  was  not  put  to  the  touch. 

The  lower  half  of  the  trestle  was  made  up  of  standard  pile 
bents.  The  piling  were  of  native  hard  woods  and  were  driven 
by  a  pony  driver,  with  engine  and  boiler  assembled  on  a  small, 
portable  frame  work,  so  that  the  pile  driving  outfit  could  be 
skidden  ahead,  bent  by  bent,  as  fast  as  respective  bents  were 
driven  and  capped. 

The  upper  story  of  the  trestle  was  built  up  of  framed  bents, 
also  of  native  hard  woods,  mahogany  or  woods  of  better  grade.. 
The  framed  bents  had  their  sills  spiked  to  the  caps  of  the  lower 
pile  bents.  The  deck  of  the  lower  pile  bent  story  was  used  as 
a  staging  upon  which  to  knock  together  the  framed  bents  for 
the  upper  story  of  the  trestle.  When  the  bents  were  all  framed, 
each  bent  lying  with  its  sill  over  the  cap  to  which  it  was  later 
to  be  spiked  and  each  bent  lapping  shingle-wise  over  the  next 
bent  ahead,  the  entire  upper  story  was  readily  erected  by  raising 
the  bents  and  tilting  them  into  place,  i,  2,  3  order.  (See  photo- 
graph of  derrick  car  at  work  just  before  closing  the  south  end 
of  the  temporary  trestle. 

SALVAGE  AND  REASSEMBLING  OF  THE  STEEL. 

It  was  at  first  thought  that  some  of  the  girders,  as  well  as 
the  90-foot  Warren  truss  could  be  fished  from  the  river  and 
skidded  bodily  into  their  respective  seats  on  abutments  and  piers, 
but  this  idea  was  abandoned  in  order  not  to  take  any  chances 
with  weakened  rivets  and  minor  members  or  twisted  lattice 
work.  The  90-foot  truss  was  skidded  up  on  the  river  banks, 
but  all  minor  members  were  scrapped.  Rivets  were  cut,  faulty 
minor  members  replaced  from  stock  steel,  and  the  bridge  was 
reassembled  member  by  member,  each  one  being  carefully  in- 
spected to  see  that  no  faulty  steel  was  permitted  in  the  rcon- 
structed  bridge.  New  rivets  were  used  throughout,  as  the  old 
rivets  had  to  be  cut  during  the  scrapping  of  the  original 
members. 
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COSTS  AND  LESSONS  LEARNED. 

The  writer  is  not  at  liberty  to  quote  unit  costs,  as  the  work 
was  done  by  a  private  company.  All  work  was  done  by  extra 
gang  and  by  direct  administration. 

The  writer  does  not  for  an  instant  undervalue  unit  costs, 
and  he  has  a  keen  appreciation  of  their  value  in  preparaing 
alternate  estimates  of  works  in  project  when  the  conditions  gov- 
erning units  of  cost  are  thoroughly  understood  and  digested.  He 
believes,  however,  that  unit  costs  are  neither  an  unfailing  fetish 
nor  a  cure-all.  Not  for  a  moment  would  he  wish  to  be  under- 
stood as  scoffing  at  the  jealous  little  god  of  economy,  but  in  a 
mud  and  water  job  of  the  emergency  nature  herein  described 
the  greater  economy  always  consists  in  not  forgetting  that  the 
running  of  trains  is  of  more  value  than  a  few  units  saved  here 
and  a  few  units  there  by  penny-pinching,  pound-foolish  methods. 
Under  stress  and  tension  of  emergency  work  many  units  of 
effort  are  likely  to  be  duplicated,  causing  double  units  of  minor 
costs  wherever  effort  and  material  needlessly  overlap.  This 
always  has  been,  and  probably  always  will  be,  the  case  on 
emergency  work,  as  long  as  best  laid  plans  of  mice  and  men  go 
on  the  bias.  It  is  of  course  the  engineer's  duty  to  cut  out  useless 
duplication  of  work  and  material. 

The  emergency  jobs  on  reconstruction,  as  the  man  from 
India  might  say,  are  up  to  "Martha's  sons."  They  must  go 
down  into  the  pit  and  root  in  the  mud  and  sand,  pull  the  steel 
out  of  the  wreck  and  put  it  back  where  it  was  before ;  and  when 
they  are  on  the  job  they  have  no  time  to  wait  for  the  spirit 
to  move  them.    Each  man  has  to  do  the  moving  for  himself. 

Unit  costs,  as  too  frequently  they  are  quoted  to  the  man 
with  fresh  mud  on  his  boots,  are  a  thorn  in  the  flesh  unless  taken 
with  a  large  amount  of  discretion.  After  the  remedy  for  the 
"trouble"  has  been  decided,  assuming  that  the  initial  diagnosis 
has  been  made  with  judgment  and  horse  sense,  the  success  of 
the  work  rests  upon  the  untiring  effort  of  two  or  three  good 
men,  who  must  do  all  the  planning,  all  the  anticipating  of  nec- 
essary labor  and  material.  The  superintendent  of  construction 
and  his  bosses  must  camp  on  the  job. 

There  can  be  no  dilettantism  permitted  to  creep  into  any  part 
of  the  task  at  hand.  In  a  superintendent  or  an  engineer  the 
slightest  whit  of  uncertainty  confuses  the  men  and  the  work 
as  surely  and  fatally  as  would  the  loss  of  the  dominant  mind 
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in  time  of  battle.  And  the  men  on  the  job  must  dig  in  their 
toes,  wade  in  deep  and  take  hold  with  their  whole  hands  and 
shove.  It  is  up  to  them  to  "get  the  jump  on  the  weather"  and 
drive  the  work  when  progress  seems  like  a  dead  weight  hanging 
back  on  their  hands. 

Oftentimes  the  working  gang  is  cheered  on  by  an  aggrega- 
tion of  "Mary's  sons,"  who  fume  and  talk  loud  of  what  the 
railroad  commission  should  or  may  do  to  someone  or  other  to 
get  square  with  the  "Co."  for  the  prejudice  and  damages  caused 
the  traveling  public  by  the  failure  of  scheduled  trains  to  fulfill 
their  obligations.  This  class  of  prominent  citizens  undoubtedly 
mean  wfell,  but  their  method  of  friendly  suggestion  is  seldom 
received  in  a  proper  Christian  spirit  by  the  extra  gang  working 
up  to  their  waists  in  mud  and  water,  although  the  maintenance 
engineer  will  always  try  to  keep  heart  in  the  boys  in  the  ditch 
by  taking  the  blame  for  delay  on  his  own  shoulders.  As  civili- 
zation is  now  constituted,  he  is  likely  to  have  to  do  so,  whether 
he  likes  it  or  not,  so  he  had  best  be  game  and  accept  it  volun- 
tarily and  not  take  his  eye  off  the  job. 

In  the  reconstructing  of  the  Tuinucu  river  bridge  the  trains 
were  run  over  the  temporary  trestle  during  the  building  up  of 
the  new  piers  and  the  reassembling  of  the  steel ;  but  all  trains  - 
were  run  over  the  bridge  at  four  kilometers  per  hour  while  the 
concrete  was  green,  to  reduce  vibration  to  a  minimum. 

The  work  was  under  the  direction  of  the  writer,  as  engineer 
of  roadway.  Mr.  W.  O.  Ayer,  a  University  of  Nebraska  man, 
was  principal  assistant  engineer  at  the  time  and  rendered  valu- 
able service  during  the  flood,  as  well  as  during  reconstruction, 
as  did  also  Messrs  J.  H.  Rousseau  and  Andrew  Davis. 

About  two-thirds  of  the  labor  on  this  work  was  made  up  of 
Spaniards,  Gallegos  and  Catalanians;  the  remainder,  except  for 
superintendents,  was  of  native  Cubans.  The  bridge  was  recon- 
structed during  the  2afra,  or  sugar,  season.  In  this  season  the 
sugar  plantations  are  seeking  far  and  wide  for  labor,  sometimes 
offering  better  than  standard  wage  scale,  and  men  who  under- 
stand sugar  work  are  hard  to  hold.  Gallegos  and  Catalanians, 
however,  if  paid  regularly  and  given  steady  work,  are  exception- 
ally faithful  men.  They  will  follow  a  boss  who  knows  his  busi- 
ness just  as  long  as  he  stays  with  them.  They  are  not  always 
accustomed  to  our  methods  of  work,  but  are  willing  and  anxious 
to  learn  new  methods,  if  they  have  a  masterful  boss  who  will 


20  THE  NEBRASKA  BLUE  PRINT. 


take  the  time  and  keep  his  temper  while  moulding  them  to  tl 
needs  of  the  work. 

A  FEW  WORDS  TO  THE  YOUNGER  BROTHERS. 

If  an  elder  brother  may  presume  to  offer  a  few  words 
counsel  to  the  younger  brothers  of  the  profession,  though 
knows  unsolicited  advice  is  usually  of  questionable  value,  I  wou 
invite  you  to  note  that  the  islands  of  the  Carribean  sea,  t 
republic  of  Mexico  and  all  of  South  America  are  now  one  vs 
theater  of  progressive  constructive  enterprise.  The  day  of  t 
finding  of  hidden  pirate  treasure  has  long  since  gone  by,  exce 
in  romantic  novels,  and  the  day  of  the  financial  adventurer  at 
soldier  of  fortune  is  rapidly  waning.  The  countries  of  t 
eternal  manana  are  stirring  in  their  dreams.  It  is  being  wh 
pered  that  a  great  canal  is  being  cut  between  two  continents  tl 
will  bring  into  the  world  a  new  era.  These  are,  in  truth,  Ian 
where  every  prospect  pleases  and  only  man  is  vile.  In  the  nc 
fifty  years  these  countries  will  make  greater  strides  than  will  o 
own,  for  they  are  pitifully  far  behind  in  mechanical  and  scienti 
fruits  of  civilization,  though  in  some  of  the  "humanidades 
urbanidades,"  we  are  a  century  behind  the  Spanish  in  prece 
and  in  act. 

There  is  and  will  continue  to  be  a  crying  need  for  train 
men  in  the  tropic  countries.  The  men  who  answer  the  call 
"Men  Wanted"  (and  you  can  rest  assured  that  some  few  of  t 
younger  brood  will  want  to  try  their  wings)  must  go  prepar 
to  accomplish  twentieth  century  tasks,  often  with  the  aid 
sixteenth  century  men,  who  have  suddenly  found  themselves  co 
fronted  with  our  ruthless  law  of  the  survival  of  the  fittest.  T 
dictators  of  thought  in  the  Latin  American  countries  are  teachil 
the  rising  generation  that  they  must  climb  or  perish,  and  t 
leaven  is  taking  hold.  Some  of  them  are  beginning  to  work 
their  forebears,  since  the  days  of  the  strenuous  Cortez,  ne 
worked. 

These  people  must  have  the  help  of  men  trained  to  the  ho 
who  are  strong  in  working  power,  of  unquestioned  moral  cou 
age  and  integrity,  who  are  sensible  and  unselfiesh.  The  ma 
blessed  with  these  qualities,  who  holds  no  necessary  workii 
task  and  no  humble  worker  in  supercilious  disdain,  may  ho| 
to  succeed  where  the  many  fail.  In  these  lands  now  opening 
our  peculiar  civilization  the  need  of  such  men  is  legion,  an 
reward  will  be  in  proportion  to  the  goods  delivered. 
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The  good  workman  dare  not  despise  his  tools,  be  they  peon 
laborers,  ninety-ton  steam  shovels,  or  the  language  and  the 
understanding  of  the  people  where  he  must  earn  his  bread.  The 
young  engineer  who  comes  to  the  tropics  must  learn  how  to 
live  a  rigidly  cleanly,  sanitary  and  upright  life  in  the  midst  of 
wretched  poverty  and  squalor,  if  he  is  assigned  to  duties  in  the 
interior.  Some  of  the  cities  can  give  our  northern  civilization 
pointers  in  sanitation,  but  the  rural  districts  are  still  in  the 
Dark  Ages. 

If  you  go  into  tropic  service,  all  the  practical  points  you  can 
get  on  camp  sanitation,  proper  cooking  of  plain  foods,  meats  and 
vegetables  by  broiling,  roasting  and  baking,  are  information  that 
is  golden.  From  observations  made  in  Mexico  and  in  Cuba,  it 
has  been  my  experience  that  a  normally  healthy  man  who  does 
not  eat  grease  and  garlic,  who  leaves  strong  drink  alone,  and 
who  never  backslides  in  the  maintaining  of  sanitary  camps, 
seldom  loses  his  health  beyond  light  acclimation  fevers,  unless 
he  is  distraught  from  overwork  and  permits  himself  to  worry. 

Unfortunately  many  of  our  northern  young  men  when  they 
leave  home  behind  seem  to  think  they  are  in  duty  bound  to 
measure  their  capacity  to  drink  the  famous  rum  made  by  Mr. 
Bacardi,  who  probably  has  more  serenades  sung  in  his  honor 
than  any  other  man  in  the  sub-tropics;  but  the  sensible  man  is 
he  who  cuts  it  out. 

As  to  the  Spanish  language.  It  is  a  pity  to  see,  as  I  have 
frequently  seen,  one  of  the  best  products  of  the  North  American 
university  from,  say,  any  school  between  blue-nose  land  and  the 
Golden  Gate,  sent  into  the  interior  and  turned  loose  to  handle 
his  first  responsible  job. 

If  he  does  not  know  his  Spanish  and  has  no  interpreter  (and 
the  average  interpreter  is  usually  too  vague  for  precise  and 
urgent  work)  a  painful  tableau  ensues,  to  be  continued  for  from 
three  to  six  months,  depending  upon  the  man's  facility  in  learn- 
ing bastard  Spanish.  Confused  native  foremen  and  capatases, 
more  or  less  anxious  to  please  and  to  a  limited  degree  in  fear 
of  the  fists  of  the  "Jefont:0  Nuevo,"  and  all  of  them  in  urgent 
need  of  intelligible  instructions,  stand  with  shrugging  shoulders, 
making  apologetic  gestures  of  sympathy  or  grinning  open  ridi- 
cule. The  perspiring  "]tizc\\o  Nuevo"  finds  himself  in  the 
class  of  the  deaf,  dumb  and  blind,  without  knowing  the  dumb 
alphabet. 
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In  trying  to  explain  his  orders  he  waves  his  arms  and  legs, 
jumps  up  and  down  in  the  air,  usually  calling  upon  his  vocabu- 
lary of  stock  and  original  profanity,  scratches  pictures  in  the 
dirt  with  a  stick,  and  all  in  all,  gives  a  fair  imitation  of  a  Crow 
Indian  making  medicine.  He  usually  comes  to  the  conclusion 
that  it  is  a  godless  country,  in  which  the  people  are  all  fools  or 
worse,  and  his  suffering  subordinates  hold  somewhat  mutual 
feelings,  but  contrary  opinions  to  the  effect  that  "casi  todos  de 
los  Americanos  son  locos."  The  whole  performance  causes  the 
hapless  and  helpless  new  boss  to  search  his  soul  for  picturesque 
swear  words,  all  because  his  Spanish  is  limited  to  "Buenos  Dtas, 
caballeros,"  "Gracias,  Senor,"  and  "Adios,  mi  amigo,"  which  are 
too  mild  to  suit  the  needs  of  the  minute. 

The  writer  would  not  for  one  moment  advise  the  cutting  of 
your  French  or  your  Deutsch,  which  are,  as  ever,  the  idioms  of 
diplomacy  and  philosophy ;  but  he  would  urge  you  to  make  any 
sacrifice  within  reason  to  learn  the  language  of  the  countries 
wherein  we  will  conduct  the  heaviest  percentage  of  our  future 
trade. 

Paraphrasing  a  current  humorist,  I  believe  it  can  be  said 
in  truth  that  for  the  engineer  Spanish  will  be  of  value,  if  only 
considered  from  the  low,  vulgar  and  selfish  standpoint  of  mere 

USEFULNESS. 

When  you  are  called  to  a  construction  job  in  the  tropics, 
every  word  of  useful  Spanish  at  your  command  will  be  a  balm 
of  joy  to  your  overworked  colleagues,  for  you  can  thereby  share 
their  tasks. 


north. 

?;ist  from  smith  tank  of  rivti 

-.    Not 

t  tin-  go-foot  Warren 

deck  span 

Also  IK 

>tc  the  single  rail  suspended  i 

n  air  i 

nnl  held  together  bya 

ngle  plates. 

A*- 


'•  * 


Temporary  trestle  just  before  being  closed.  Note  pile  di 
apparatus  for  driving  lower  story  of  trestle  in  center  left  of  v 
Engine  and  driver  on  movable  frame  to  be  skidded  ahead  ; 
driving  each   bent. 


i  struct  itin  before  llie  steel  tower 


Showing    reinforcement    ti 

,   secure   concrci 

:c   bond   a 

t  the  level   of 

(he    foot   plnte   of  the   steel 

i   shown   i 

n   place   ready 

to  be  concreted  into  recount 

ruction  of  pier. 

,    looking    upstream. 


THE  EFFICIENCY  SYSTEM  AS  APPLIED  TO  THE 

WAGE  EARNER. 

BY    BRUCE    W.    BENEDICT,    'OI, 
Supervisor  of  Schedules,  Santa  Pe  System. 

Economical  shop  operation  is  secured  by  effective  supervision 
and  control  of  the  three  following  elements: 

(a)  Labor. 

(b)  Material. 

(c)  Shop  charges. 

The  first  item  (a)  includes  the  cost  of  the  labor  necessary  to 
perform  all  operations  from  the  time  the  raw  material  enters 
the  plant  until  the  finished  product  is  delivered.  The  second 
item  (b)  represents  the  investment  for  material  required  in  the 
manufacture  of  the  product.  The  third  item  (c)  or  shop 
charges  include  the  expenses  of  operating  the  plant,  depreciation 
of  machinery,  tools,  etc.,  and  all  surcharges  incident  to  manu- 
facture. These  factors  compose  the  entire  charges  of  shop 
operation  and  manufacture  of  product.  Each  bears  directly  on 
the  performance  of  the  plant,  the  output  and  the  cost  of  pro- 
duction. The  highest  economy  and  efficiency  is  essential  in  each 
of  these  branches  of  shop  operation  and  the  same  degree  of 
supervision  must  be  extended  over  all  to  keep  a  proper  balance 
between  departments  and  maintain  the  standard  required  in 
each.  Without  this  broad  supervision,  the  economies  of  one 
branch  are  offset  by  the  wastes  of  another,  and  the  final  result 
is  low  output  efficiency  and  high  production  costs. 

It  is  obvious  that  each  one  of  these  branches  is  worthv  of 
individual  investigation  and  treatment.  In  actual  shop  manage- 
ment the  three  branches  cannot  be  disassociated,  but  in  this  paper 
one  phase  of  the  problem,  namely  labor,  will  be  considered  to 
show  one  method  of  securing  the  highest  efficiency  from  labor 
to  the  entire  satisfaction  of  both  employer  and  employe. 

In  shop  operation  the  labor  question  must  be  considered  from 
two  sides:  (i)  the  employer  who  pays  the  wages,  and  (2)  the 
employe  who  receives  the  wages.  The  first  exchanges  money  for 
labor  and  the  second  exchanges  labor  for  money.    It  is  natural 

(*3) 
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that  the  man  who  has  labor  to  sell  wishes  to  sell  it  for  the  highest 
possible  price  and  it  is  equally  natural  to  expect  the  man  who 
buys  it  wishes  to  obtain  the  greatest  return  for  the  money  spent. 
As  a  statement  of  cold  facts  it  might  seem  as  though  the  inter- 
ests of  the  two  sides  were  opposed  beyond  the  possibility  of 
reconciliation,  but  actual  experience  shows  that  harmonious  re- 
lations are  readily  established  between  the  two.  If  the  employer 
is  able  to  keep  the  cost  of  production  within  a  reasonable  figure 
and  the  employe  receives  satisfactory  wages  it  is  evident  both 
have  realized  the  individual  benefits  of  commercial  partnership. 

Under  the  old  system  of  paying  for  labor  on  the  hourly  or 
daily  basis  this  harmonious  condition  does  not  always  obtain, 
as  employes  prefer  to  have  wages  on  a  flat  scale,  paying  the 
same  rate  to  all  men  on  the  same  class  of  work.  This  plan  does 
not  recognize  efficiency  of  the  men,  nor  provide  a  wage  rate 
consistent  with  their  output,  but  it  arbitrarily  places  workmen 
on  an  equal  basis  regardless  of  actual  worth.  Under  these  con- 
ditions unit  costs  are  usually  higher  than  they  should  be,  as  a 
certain  percentage  of  the  workmen  are  more  or  less  incompetent 
and  their  work  is  below  normal  in  regard  to  output  and  quality. 
The  employer  therefore  is  paying  out  wages  for  time  put  in, 
regardless  of  the  work  performed.  It  is  obvious  the  employer 
does  not  have  an  absolute  check  or  control  production  costs  and 
it  is  doubtful  if  he  is  in  a  position  to  demand  and  secure  an 
output  from  his  workmen  consistent  with  the  wages  paid.  For 
this  reason  the  employer  is  generally  willing  to  pay  wages  on 
output,  even  though  a  higher  rate  per  hour  must  be  paid  for 
more  efficient  labor. 

Under  the  day  wage  system  the  cost  of  an  operation  is  the 
product  of  the  hours  worked  times  the  rate  per  hour.  This  is 
shown  graphically  by  the  diagram  in  Fig.  i.  The  wage  line 
of  the  diagram  shows  that  the  cost  of  an  operation  increases  pro- 
portionately to  the  hours  worked.  This  wage  line  therefore  rep- 
resents the  cost  of  one  operation  performed  in  10  hours  by  a 
workman  receiving  30  cents  per  hour,  but  it  does  not  represent 
the  average  cost  or  the  standard  cost  of  the  operation  by  an- 
other workman,  as  the  cost  is  purely  a  function  of  the  time 
employed  in  completing  the  operation.  The  next  time  the 
operation  is  performed  the  time  consumed  may  be  9  hours  or  n 
hours,  which  will  vary  the  cost  from  $2.70  to  $3.30.  Clearly 
the  employer  cannot  control  the  cost  of  production  under  such 
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Diagram  illustrating  day-wage  method  of  paying  labor, 
operation  is  the  product  of  the  rate  by  the  time. 
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conditions,  nor  can  he  with  any  degree  of  certainty  maintain 
unit  costs  and  volume  of  output. 

As  a  gradual  realization  of  the  inefficiency  of  the  day  work 
system  was  forced  on  the  shop  managers,  other  methods  for  the 
payment  of  labor  were  devised  and  introduced  into  shop  opera- 
tion. The  first  plan  to  win  more  or  less  general  recognition 
was  "piece  work,"  or  payment  of  a  fixed  price  for  each  opera- 
tion performed.  This  plan  offers  a  number  of  advantages  over 
the  old  day  rate  method,  as  the  workman  receives  wages  some- 
what in  proportion  to  his  efforts  and  the  employer  pays  a  wage 
rate  based  on  output.  Theoretically  this  in  an  ideal  system  for 
both  parties  concerned,  but  the  results  of  actual  experience  dis- 
close a  number  of  faults  which  cast  considerable  doubt  on  its 
value  as  a  wage  system. 

The  diagram  in  Fig.  2  is  a  graphical  illustration  of  the  piece 
rate  system  and  the  wage  rate  per  hour  paid  for  labor  when  the 
work  is  performed  in  different  periods  of  time.  The  diagram 
is  arranged  on  the  assumption  that  the  piece  rate  is  $2.40  for 
an  operation,  with  labor  rated  at  30  cents  per  hour.  It  will  be 
observed  that  the  workman  taking  8  hours  for  the  operation  will 
just  make  his  rate  of  30  cents  per  hour.  If  he  takes  10  hours 
he  will  receive  24  cents  an  hour  and  if  he  uses  only  one  hour 
his  rate  will  be  $2.40  an  hour.  It  is  assumed  that  the  operation 
would  take  10  hours,  to  perform  which  at^the  hourly  rate  would 
cost  $3.00,  so  the  employer  will  save  60  cents,  or  20  per  cent  in 
wages  by  paying  for  the  operation  on  the  piece  work  basis. 

The  piece  rate  is  fixed  but  the  conditions  to  which  it  applies 
are  constantly  changing.  Obviously  the  piece  rate  does  not 
always  cover  the  conditions,  as  it  is  sometimes  too  high  for  the 
work  done  and  sometimes  too  low.  In  either  case,  the  piece 
rate  is  not  a  legitimate  one  and  cannot  be  considered  as  the 
established  price  paid  for  performing  an  operation.  As  the  rate 
for  the  operation  is  fixed,  all  delays  due  to  break-downs  of 
machinery,  waiting  for  material,  etc.,  necessarily  increase  the 
time  taken  to  do  the  operation  at  a  direct  loss  to  the  workman. 
Thus  all  inefficiencies  of  shop  operation  and  management  are 
paid  for  out  of  the  wages  of  the  men,  when  the  management  as 
the  responsible  party  should  rightfully  shoulder  the  expense.  In 
practice,  the  piece  rates  have  generally  been  juggled  at  the  will 
of  the  employer,  which  has  militated  against  the  system  to  such 
an  extent  that  the  term  "piece-work"  is  now  generally  recog- 
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Fig.  2. 
Diagram  illustrating  the  piece-rate  method,  with  wage  rate  per  hour  of 
workmen  performing  a  given  operation  in  times  varying  from  1  to  10 
hours. 
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nized  as  the  synonym  for  unfairness.  While  the  payment  of 
wages  on  the  piece-rate  basis  is  a  step  in  advance  of  the  day- 
rate  method  when  properly  handled,  the  inherent  faults  of  the 
system  render  it  unsatisfactory  from  the  standpoint  of  both 
parties  as  an  equitable  wage  contract  between  employer  and 
employe. 

In  the  evolution  of  wage  systems  and  in  the  endeavor  to  get 
away  from  the  inefficiencies  of  the  day-rate  and  piece-rate  sys- 
tems, the  so-called  "premium"  wage  plan  was  gradually  evolved. 
In  general,  the  premium  plan  is  a  modification  of  the  day-rate 
and  piece-rate  systems,  with  the  aim  of  retaining  the  good 
features  of  each  and  avoiding  the  detrimental  qualities  known 
to  exist.  Briefly,  a  premium  wage  system  allows  the  wage 
earner  a  certain  rate  per  hour  as  on  the  day-rate  basis  but  offers 
a  stimulus  for  extra  output  by  sharing  with  him  a  certain  per- 
centage of  the  time  saved  in  the  performance  of  his  work.  By 
shortening  the  time  for  each  operation  the  workman  will  increase 
his  output  and  consequently  receive  a  greater  wage  rate  per 
hour.  There  are  a  number  of  premium  systems  in  operation 
that  are  giving  admirable  results  in  regard  to  shop  operation, 
costs  of  production  and  as  a  satisfactory  method  of  paying  labor. 

The  latest  development  in  wage  systems  is  the  "efficiency" 
plan  as  applied  in  the  locomotive  and  car  shops  of  the  Santa  Fe 
Railway.  As  implied  by  the  name,  the  fundamental  principle  of 
the  system  recognizes  the  efficiency  of  the  workman  as  the 
natural  basis  for  determining  his  rate  of  pay.  The  system  pro- 
vides for  the  interests  of  both  parties  by  affording  the  employer 
a  low  unit  cost  of  production  and  the  workman  a  wage  rate 
commensurate  with  his  ability.  The  injustice  of  the  day-rate 
to  the  employer  and  the  piece-rate  to  the  employe  is  transformed 
into  a  community  of  interests  in  which  the  benefits  are  equally 
distributed. 

The  Efficiency  System  is  a  combination  premium  day-rate  plan. 
It  combines  the  satisfying  stability  of  the  day-rate  system  from 
the  labor  standpoint,  with  the  more  accurate  and  scientific 
features  of  the  premium  plan  so  acceptable  to  the  employer.  The 
workman  is  sure  of  receiving  his  regular  day-rate  and  the 
employer  is  assured  of  an  output  proportional  to  the  money 
spent  for  wages. 

In  the  Efficiency  System  the  standard  time  for  performing 
each  operation  is  accurately  determined.    This  standard  time,  so 
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called,  is  the  time  in  hours  and  tenths  an  average  workman  takes 
to  do  an  operation  with  reasonable  effort  but  without  wastes 
and  delays.  It  represents  average  performance  of  a  good  work- 
man. When  a  workman  performs  an  operation  in  the  standard 
time,  his  efficiency  is  ioo  per  cent  and  he  is  allowed  20  per  cent 
of  the  day  wages  received  while  on  the  operation  as  a  bonus  for 
performing  the  operation  in  the  standard  time.  If  more  than 
standard  time  is  taken  to  do  the  operation,  the  efficiency  of  the 
workman  is  less  than  100  per  cent,  with  a  decreasing  bonus 
reward.  When  the  standard  time  is  exceeded  by  one-half,  the 
efficiency  of  the  workman  is  66.7  per  cent  and  no  bonus  is 
earned,  as  at  that  efficiency  the  economical  limit  of  operation  is 
reached.  If  the  workman  is  able  to  perform  the  operation  in 
less  than  the  standard  time  his  efficiency  will  necessarily  be  above 
100  per  cent  and  the  bonus  reward  correspondingly  greater  than 
20  per  cent.  Thus  the  workman  receives  his  daily  wages  and 
in  addition  a  percentage  of  them  extra  as  a  reward  for  per- 
formance above  66.7  per  cent  efficiency. 

For  accuracy  and  convenience  in  determining  the  bonus  earn- 
ings of  workmen,  a  standard  efficiency  table  is  arranged  giving 
the  equivalent  percentages  of  wages  allowed  for  efficiencies 
above  66.7  per  cent.  In  using  the  table  the  efficiency  of  the 
workman  is  first  determined  by  dividing  the  actual  bonus  worked 
during  the  month,  into  the  standard  hours  accumulated  during 
that  period.  The  bonus  percentage  corresponding  to  this  effi- 
ciency is  then  read  directly  from  the  table  and  the  bonus  earned 
calculated.  The  table  shows  the  bonus  percentages  for  efficiencies 
by  0.5  of  a  per  cent  from  66.7  per  cent  up.  Above  100  per  cent 
efficiency  the  bonus  percentage  increases  in  regular  increments 
of  1  to  1  per  cent  efficiency,  while  below  100  per  cent  the 
increment  is  somewhat  different  as  shown  by  the  following 
examples  taken  from  the  table: 

Percentage 
Efficiency  of  wages 

per  cent  as  bonus 

66.7 O 

70 22 

80      3.27 

90      9-91 

IOO     20.0 

no     30.0 

120     40.0 

130    500 
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It  is  obvious  that  a  reasonable  effort  on  the  part  of  the 
workman  will  result  in  a  greater  wage  rate  per  hour,  with  no 
penalty  for  po6r  performance  except  a  loss  of  possible  earnings. 
The  workman,  therefore,  is  in  direct  control  of  his  wage  rate: 
by  cooperation  with  employer  in  eliminating  wastes  he  receives 
a  bonus  in  proportion  to  his  efforts,  and  from  failure  to  do  so 
he  forfeits  the  premium  and  receives  only  his  regular  wage  rate. 
Thus  the  only  penalty  exacted  of  the  workman  for  poor  per- 
formance is  self  imposed  through  lack  of  the  necessary  effort. 

In  actual  practice  the  efficiency  of  the  workman  is  not  de- 
termined on  each  operation  separately  and  his  earnings  calcu- 
lated on  that  basis,  but  his  performance  for  a  period  of  one 
month  is  averaged  and  the  bonus  earnings  apportioned  on  the 
average  efficiency  attained  for  that  time.  Thus  the  workman 
must  maintain  a  steady  and  efficient  daily  performance  in  order 
that  the  average  efficiency  «of  the  month  will  insure  a  suitable 
reward  in  bonus  earnings.  The  output  of  a  steady  workman 
is  greater  than  the  erratic  workman  and  the  results  obtained 
from  that  class  of  labor  are  the  most  satisfactory  from  every 
point  of  view.  By  averaging  the  monthly  efficiency  of  each 
workman  the  efficiency  of  separate  gangs,  departments  and  the 
shop  as  a  whole  is  obtained.  The  costs  of  operation  are  thus 
accurately  determined  and  standardized. 

The  diagram  in  Fig.  3  is  a  graphical  illustration  of  the 
Efficiency  System  and  represents  the  costs  of  performing  an 
operation  at  various  efficiencies  and  the  earnings  of  the  work- 
man under  different  conditions.  As  in  the  previous  figures  the 
diagram  is  based  on  the  performance  of  a  workman  receiving 
30  cents  an  hour.  The  efficiency  wage  line  shows  the  amounts 
received  by  the  workman  as  total  earnings  when  operating  at  effi- 
ciencies ranging  from  66.7  to  667  per  cent.  Under  the  efficiency 
plan  the  earnings  of  a  workman  are  made  up  of  two  elements, 
1.  e.,  hourly  wages  and  the  premium  or  bonus.  The  hourly 
wage  line  is  plotted  to  show  the  day-rate  wages,  and  it  divides 
the  total  earnings  of  the  workman  shown  on  the  diagram  into 
the  elements  mentioned,  according  to  the  actual  value  of  each. 
It  is  assumed  that  the  standard  time  for  the  operation  is  6.7 
hours,  so  if  the  workman  performs  the  operation  in  that  time, 
his  efficiency  is  100  per  cent  and  he  will  be  entitled  to  20  per 
cent  of  his  wages  extra  as  a  bonus.  At  30  cents  an  hour  the 
day  wages  for  6.7  hours  is  $2.00,  and  20  per  cent  of  this  is 
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Fig.  3. 
Diagram   illustrating  the  Efficiency   System  and  the   relation  between 
efficiency  of  performance  and  wages.    The  premium  paid  as  bonus  earn- 
ings to  the  workman  for  efficient  performance  and  the  decreasing  unit 
costs  of  labor  at  the  higher  efficiencies  is  plainly  shown. 
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$0.40,  so  the  workman  receives  $240  for  performing  the  opera- 
tion in  standard  time  and  his  wage  rate  increases  from  30  to 
36  cents  an  hour. 

When  the  standard  time,  as  previously  stated,  is  exceeded 
by  one-half,  or  the  time  actually  taken  by  the  workman  is  half 
again  as  long  as  the  standard  time  allowed,  the  efficiency  of 
the  workman  is  66.7  per  cent  and  no  bonus  is  earned.  As 
shown  by  the  diagram,  10  hours  is  required  by  a  workman 
operating  at  66.7  per  cent  efficiency  to  perform  this  particular 
operation.  The  total  cost  of  the  operation  at  this  efficiency  will 
be  $3.00  for  10  hours'  work  at  30  cents  an  hour.  The  employer 
therefore  pays  $3.00  for  the  operation  which  at  100  per  cent 
efficiency  cost  only  $2.40,  besides  receiving  only  one-half  the 
output  from  the  workman.  The  latter  earns  30  cents  an  hour 
as  against  36  cents  an  hour  at  100  per  cent  efficiency. 

On  the  other  hand,  there  is  a  direct  advantage  to  both  par- 
ties in  high  efficiency.  A  good  workman  may  be  able  to  reduce 
the  standard  time  one-half.  If,  for  instance,  the  standard  time 
of  6.7  hours  is  reduced  to  3  hours  by  extra  effort  on  the  part 
of  the  workman,  his  earnings  for  the  operation  according  to 
the  diagram  will  be  $2.18,  of  which  $0.90  is  wages  and  $1.28 
is  bonus.  Thus  from  a  cost  of  $3.00  at  66.7  per  cent,  or  the 
average  day-rate  performance,  the  cost  of  the  operation  is  re- 
duced to  $1.28,  or  130  per  cent  to  the  employer,  who  also  receives 
over  double  the  output  from  the  workman.  The  latter  also 
advances  his  hourly  wage  rate  from  30  to  72  cents,  or  140  per 
cent,  and  his  ability  as  a  wage  earner  is  increased  in  just  that 
proportion. 

It  has  been  shown  that  both  employer  and  employe  partici- 
pate in  the  financial  benefits  of  the  Efficiency  System,  the  former 
by  lesser  unit  costs  and  the  latter  by  increased  wage  rates  per 
hour.  The  diagram  in  Fig.  4  shows  this  even  more  clearly  by 
representing  graphically  the  relative  costs  of  an  operation  per- 
formed at  efficiencies  ranging  from  45  to  180  per  cent.  The 
operation  represented  in  the  diagram  has  a  standard  time  allow- 
ance of  250  hours.  That  is,  a  workman  completing  the  operation 
in  250  hours  has  an  efficiency  of  100  per  cent  and  is  entitled  to 
20  per  cent  of  his  wages  extra  as  a  bonus  for  performing  the 
work  in  that  time.  The  cost  of  the  operation  at  standard  time 
of  250  hours  with  the  wages  of  the  workman  at  36  cents  an  hour 
is   250X36+20   per   cent   bonus   equals   $90+$i8=$io8   or  the 
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Fig.  4. 

Diagram  showing  actual  labor  costs  of  one  operation  performed  at 
efficiencies  from  45  to  180  per  cent  At  180  per  cent  the  cost  is  one-half 
what  it  is  at  45  per  cent,  the  operation  is  completed  in  one-fourth  of  the 
time  and  the  workman  receives  double  the  wage  rate  per  hour. 
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standard  cost.  If  for  any  reason  the  workman  operates  at  less 
than  ioo  per  cent  efficiency  the  cost  of  the  operation  is  greater 
than  $108,  as  shown  by  the  diagram.  At  66.7  per  cent  the  point 
is  reached  where  no  bonus  is  paid  and  the  cost  of  the  operation 
is  $135  for  day  wages.  At  45  per  cent  efficiency,  the  lowest 
shown  on  the  diagram,  the  workman  uses  555  hours  to  complete 
the  operation  and  the  cost  is  $200  in  day  wages  alone  or  nearly 
twice  the  standard  cost.  Thus  the  day-rate  workman  with  no 
incentive  for  extra  effort  uses  over  double  the  time  allowed  for 
the  operation  under  the  efficiency  standard,  and  the  cost  is  85 
per  cent  greater  than  it  is  at  standard  performance.  A  day-rate 
shop  operating  at  45  per  cent  efficiency  is  not  uncommon,  so  the 
loss  in  output  and  excessive  production  costs  shown  by  the 
diagram  is  a  reality  in  actual  practice. 

Above  100  per  cent  efficiency  the  cost  of  production  decreases 
and  the  output  per  man  increases.  At  180  per  cent  efficiency 
the  cost  of  the  operation  is  $100,  of  which  $50  is  for  day  wages 
and  $50  for  bonus,  while  the  operation  is  completed  in  139 
hours,  or  in  hours  less  than  standard,  an  increase  in  output  of 
80  per  cent.  Comparing  the  performance  of  workmen  at  high 
and  low  efficiencies,  it  will  be  observed  at  180  per  cent  efficiency 
the  cost  of  the  operation  in  wages  is  one-half  what  it  is  at  45 
per  cent  and  the  output  is  practically  300  per  cent  greater.  Thus 
the  efficiency  system  gives  the  employer  a  large  output  and  low 
unit  costs,  and  the  workman  greater  wage  earning  capacity. 

A  few  figures  taken  from  the  diagram  are  given  below  in 
order  to  present  in  condensed  form  for  comparison  the  costs  of 
performing  the  operation  at  various  efficiencies: 

Wage   rate 
per  hour 

$0.72 
.58 

•43 
36 
36 

These  figures  emphasize  the  statements  made  in  explanation 
of  the  diagram  that  at  high  efficiencies  the  unit  costs  are  lower, 
wage  rates  higher  and  output  greater  than  under  the  less 
efficient  conditions  usually  existing  in  day-wage  shops. 

As  previously  pointed  out,  the  performance  of  workmen  in 


Efficiency 

Total    wage 

Hours   required 

per   cent 

cost 

to   complete 

180 

$IOO 

139 

140 

103 

178 

IOO 

108 

250 

66.7 

135 

375 

45 

200 

555 
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Fig.  5. 

Diagram  illustrating  the  performance  of  a  workman  for  one  month. 

The  full  line  shows  the  actual   time   worked  and  the  broken  line  die 

standard  hours'  work  completed.     Workman's  efficiency  for  the  month  is 

115  per  cent. 
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day-wage  shops  is  an  indefinite  quantity,  depending  upon  factors 
over  which  the  employer  has  little  control.  In  the  efficiency 
system  this  condition  is  reversed,  as  the  diagram  in  Fig.  5 
plainly  shows.  This  diagram  represents  in  graphical  form  the 
performance  of  an  individual  workman.  The  solid  line  shows 
the  actual  time  worked  daily  and  the  broken  line  the  standard 
schedule  time  of  the  operations  the  workman  was  engaged  upon. 
It  will  be  observed  that  the  workman  during  the  first  portion 
of  the  month,  or  until  the  18th  day,  failed  to  perform  his  work 
in  standard  time,  as  shown  by  the  relative  position  of  the  two 
lines.  For  this  period  his  efficiency  was  less  than  100  per  cent. 
On  the  19th  day,  however,  his  performance  began  to  improve 
and  from  that  time  until  the  end  of  the  month  it  showed  a  steady 
and  consistent  improvement.  At  the  end  of  the  month  the  actual 
or  hourly  time  of  the  workman  amounted  to  218  hours  and  the 
total  standard  time  accumulated  was  250  hours.  That  is,  the 
workman  during  218  actual  hours  spent  in  the  shop  performed 
work,  which  at  the  standard  time  allowed  by  the  schedules,  gave 
him  250  hours  to  accomplish.  The  efficiency  of  the  workman 
was  therefore  115  per  cent,  and  is  found  by  dividing  the  standard 
by  the  actual  time.  According  to  the  provisions  of  the  standard 
efficiency  table,  the  workman  in  this  case  is  entitled  to  35  per 
cent  of  his  monthly  wages  extra  as  a  bonus  for  performing  the 
work  at  the  rate  of  115  per  cent  efficiency. 

Diagrams  similar  to  the  one  in  Fig.  5  are  made  out  for 
gangs,  shops  and  the  entire  plant,  so  the  efficiency  and  per- 
formance for  all  departments  can  be  accurately  determined. 
Other  records  giving  complete  information  of  shop  operation 
are  arranged  in  connection  with  the  efficiency  system  which 
under  the  day-rate  method  are  impossible. 

In  the  Efficiency  System  the  accurate  determination  of  the 
workman's  output  is  one  of  the  first  essentials.  The  success  of 
the  system  in  actual  shop  operation  will  be  measured  by  the 
manner  in  which  this  feature  is  organized.  Each  operation  from 
the  smallest  to  the  largest  must  be  accurately  scheduled.  A 
schedule  is  a  complete  description  of  the  various  details  in  each 
shop  operation,  with  the  standard  time  allowed  in  hours  and 
tenths.  The  workman  performing  an  operation  will  then  have 
a  definite  amount  of  work  to  do  and  a  fixed  time  to  do  it  in. 
His  efficiency  will  be  determined  by  the  facility  with  which  he 
performs  the  work  outlined  by  the  schedules. 
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The  successful  operation  of  the  Efficiency  System  is  dependent 
upon  the  cooperation  of  both  the  employer  and  employe.  The 
former  must  provide  an  effective  organization  and  operate  the 
shop  in  an  efficient  manner,  besides  furnishing  the  workman  with 
suitable  tools  and  facilities.  On  the  other  hand,  the  workman 
must  cooperate  with  the  management  in  making  the  operation  of 
the  shop  as  efficient  as  possible.  With  the  cooperation  secured, 
the  efficiency  system  is  a  more  satisfactory  bond  between  em- 
ployer and  employe  than  the  usual  signed  contract  for  the  pro- 
tection of  rights. 

While  the  shop  operated  under  the  Efficiency  System  is  not 
immune  from  some  of  the  troubles  incident  to  the  commercial 
relations  between  labor  and  capital,  the  outbreaks  due  to  the 
clamors  of  selfish  interests  so  common  in  ordinary  shops  are 
eliminated.  The  Efficiency  System  merges  the  interests  of  em- 
ployer and  employe  into  a  common  purpose  leading  to  efficiency 
and  economy,  from  which  each  reap  an  equal  profit. 


IMPROVEMENT  OF  POWER  FACTOR  BY  ROTARY 

CONDENSER. 

BY  F.  L.  HUNT,  '02. 

The  alternating  current  that  flows  in  a  circuit,  where  there 
is  some  inductance,  such  as  the  windings  of  an  induction  motor, 
or  transformer,  or  even  the  self  inductance  of  the  wires  them- 
selves, is  the  resultant  of  two  components. 

(i)  The  energy  component  which  is  in  phase  with  the  im- 
pressed E.  M.  F.  or  voltage  of  the  circuit,  and  which  we  say 
carries  the  energy ;  and 

(2)  The  magnetizing  or  wattless  current  which  lags  90  de- 
grees behind  the  phase  of  the  impressed  E.  M.  F.  and  produces 
the  magnetization  in  the  iron  cores  of  the  motors  or  transformers, 
or  in  the  space  surrounding  the  wires  of  the  circuit. 


a 


F/S.r 


Referring  to  Figure  I : 

oa  =  impressed  voltage  or  electro  motive  force  E.  M.  F. 
qb  =  energy  component  of  current  in  phase  with  E.  M.  F. 
oc  =  wattless  component  of  lagging  current. 

The  resultant  of  "ob"  and  "oc"  is  "od"  the  actual  current 
flowing  in  the  line,  and  "od"  bears  the  following  relation  to  the 
two  components : 

(38) 
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od  =  ob   +  oc 

ob  =  cosine  6X  od  =  energy  component. 
oc  =  sine  OX  od  =  wattless  component. 

0  =  the  angle  "dofr"  which  is  known  as  the  angle  of  lag  of  the 
current  actually  flowing. 

The  current  that  flows  in  a  circuit  where  there  is  some  capac- 
ity or  condenser  effect  and  no  inductance  is  made  up  of  two 
similar  components,  except  that  the  wattless  component  is  180 
degrees  in  phase  relation  from  the  wattless  component  due  to 
inductance  in  a  line.  The  resultant  current  then  has  a  phase 
position  similar  to  "oh"  in  Figure  II  and  the  angle  "aoh"  (0X) 
is  called  the  angle  of  lead. 

The  ratio  —z  or  -^-  is  called  the  power  factor  of  the  current 

flowing. 

ob  of 

—\  =  cosine  0  and  -j  ~" 

factor  of  a  current  flowing  in  a  circuit  is  equal  to  the  cosine  of 
the  angle  of  lag  or  lead,  and  the  wattless  component  is  equal 
to  the  sine  of  the  angle  of  lag  or  lead. 


=  cosine  0  and  tt  =  cosine  0l9  so  that  we  say  the  power 


Fu?.II 


a 


In  an  alternating  current  circuit  volts  X  amperes  X  constant 
=  apparent  energy  =  K.  V.  A. 

In  a  single  phase  circuit  this  constant  is  I.  In  a  two-phase 
circuit  the  constant  is  2,  and  in  a  three-phase  circuit  the  constant 
is  1.73. 

When  the  voltage  or  E.  M.  F.  is  constant  then  current  in 
amperes  bears  a  fixed  ratio  to  K.  V.  A.,  so  that  we  may  draw 
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Figures  III  and  IV  representing  power  circuits  in  which  there 
is  respectively  inductance  and  capacity  or  condenser  effect  and 
OB,  OD,  OE,  OH,  etc.,  represent  K.  V.  A.  values  as  follows : 

OD  or  OH  =  K.  V.  A.  of  circuit  =  apparent  energy. 

OC  or  OE  =  Wattless  K.  V.  A.  component. 

OB  or  OF  =  Energy  K.  V.  A.  component  =  K.  W. 


f/3  m 


The  actual  energy  flowing  in  the  circuit,  Figure  III,  is  OD 
(apparent  energy)  X  cosine  <f>.  In  a  case  where  there  is  no 
lagging  or  leading  component  OC  and  OE  become  zero,  angle 
<f>  or  tf>1  becomes  zero  and  the  power  factor  is  one,  so  that  the 
apparent  energy  =  actual  energy,  the  same  as  in  a  direct  current 
circuit. 


F/g.IY 


When  a  synchronous  motor  is  operating  on  a  line  and  is  over 
excited  beyond  the  amount  required  to  give  the  line  voltage,  it 
causes  a  wattless  component  of  current  to  flow  in  the  line  which 
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is  900  ahead  or  leading  to  the  impressed  E.  M.  F.,  having  an 
effect  of  line  capacity  or  of  a  condenser. 

Referring  to  Figure  IV,  a  synchronous  motor  running  over 
excited  will  take  current  having  a  wattless  component  =  OE  and 
an  energy  component  =  OG  +  GF,  in  which  OG  =  losses  in  motor 
and  GF  =  the  energy  which  the  motor  is  delivering  to  drive  its 
load.  When  a  synchronous  motor  is  run  without  load  then  the 
only  energy  component  is  that  required  to  supply  the  losses  in 
the  motor. 

The  actual  current  taken  by  the  motor  will  be  the  resultant 
of  these  two  components  OE  and  OF  and  will  have  a  magnitude 
and  relative  phase  position  OH. 

Now,  if  the  current  OH  is  added  to  the  current  OD  by 
running  the  synchronous  motor,  taking  current  as  shown  in 
Figure  IV,  on  the  circuit  already  loaded  as  in  Figure  III,  the 
resulting  current  on  the  circuit  will  have  a  magnitude  and  phase 
position  =  OL.    See  Figure  V. 


**  r 
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The  relation  of  apparent  energy  OL  to  actual  energy  OM  is 
OM        ^T 
qjj   =  OL  X  cosine  of  angle  BOL  =  OL  cosine  tf>2.     Cosine 

(f>2  =  power  factor  of  circuit  when  synchronous  motor  is  operat- 
ing and  as  <f>2  is  less  than  4>  the  power  factor  has  been  increased 
or  improved. 

This  improvement  of  power  factor  is  obtained  at  the  cost 
of  the  energy  required  to  supply  the  losses  in  the  synchronous 
motor  and  the  investment  in  the  motor.  Synchronous  motors 
built  for  operation  over  excited  at  leading  currents  without  load 
are  called  rotary  condensers. 
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The  following  numerical  example  will  illustrate  the  applica- 
tion of  the  general  case  worked  out  above : 

We  may  assume  a  station  in  which  the  total  generating 
capacity  is  iooo  K.  V.  A.  continuous,  and  the  load  has  a  power 
factor  of  65. 

Then  .65  =•  cosine  of  49  °  —  30'  =  angle  of  lag. 

.65  X  1000  K.  V.  A.  =  650  K.  W.  maximum  continuous 
energy  load  which  this  station  can  carry  at  65 
per  cent  power  factor. 
Sine  490  —  30'  =  .76. 

.76  X  1000  =  760  K.  V.  A.  wattless  component. 

If  we  now  wish  to  install  a  synchronous  motor  or  rotary  con- 
denser to  bring  the  power  factor  of  this  load  up  to  85  per  cent, 
we  proceed  as  follows : 

.85  =  cosine  31  ° — 45'=  angle  of  lag  at  85  per  cent  P.  F. 

Sine  of  31  °  —  45'  =  .526. 

.85  X  1000  =  850  K.  W.  energy  load,  which  the  station  can 
carry  at  85  per  cent  P.  F. 

.526  X  1000  =  526  K.  V.  A.  wattless  component. 

The  wattless  component  at  65  per  cent  P.  F.  is  234  K.  V.  A. 
more  than  at  85  per  cent  P.  F. 

We  may  now  apply  the  principle  described  in  connection  with 
Figure  V,  that  the  wattless  component  of  current,  called  "leading 
current,"  which  flows  in  a  synchronous  motor  or  rotary  con- 
denser when  running  "over  excited"  may  be  used  to  neutralize 
the  wattless  current  produced  in  a  circuit  by  inductance.  The 
amount  of  this  leading  current  increases  with  increase  of  excita- 
tion and  a  synchronous  motor  may  be  operated  at  no  load  and 
at  an  excitation  which  will  make  it  take  its  full  load  current 
from  the  line.  This  current  will  all  be  900  leading  except  the 
energy  component  required  to  supply  the  losses  in  the  motor 
itself. 

In  the  above  numerical  example  we  want  234  leading  K.  V. 
A.  to  raise  our  power  factor  from  65  per  cent  to  85  per  cent. 
We  may  assume  that  a  235  K.  W.  synchronous  motor  is  used, 
and  if  run  without  load  the  energy  loss  to  drive  this  machine 
at  full  load  current  leading  may  be  about  12  K.  W. 

By  referring  to  Figure  VIII  we  see  that  if  the  motor  operates 
at  no  load  over  excited  to  take  full  load  current  from  the  line, 
the  current  will  have  a  wattless  component  of  more  than  234.5 
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K.  V.  A.,  which  will  give  us  the  result  desired  in  power  factor 
in  the  station. 

This  means  that  in  this  assumed  case  where  the  1000  K.  V.  A. 
generator  capacity  is  only  good  for  650  K.  W.  load  at  65  per 
cent  P.  F.  by  the  addition  of  a  235  K.  V.  A.  rotary  condenser 
these  same  generators  will  be  good  for  850 — 12  (the  energy 
required  by  condenser)  =  838  K.  W.  In  addition  to  increasing 
the  energy  capacity  of  the  generators,  the  exciter  voltage  required: 
to  hold  normal  voltage  on  the  generators  will  be  very  much 
reduced,  thus  decreasing  the  heating  in  the  fields,  and  therefore 
improving  the  efficiency  of  the  generators. 

This  heating  of  fields  of  the  generators  due  to  excessive  ex- 
citation required  when  running  at  low  power  factor  means  that 
a  given  generator,  say  1000  K.  V.  A.,  will  not  carry  even  its 
full  load  current  at  65  per  cent  P.  F.  at  the  same  temperature 
rise  at  which  it  will  carry  this  same  current  (K.  V.  A.)  at  100 
per  cent  P.  F.  That  is,  higher  temperature  will  be  obtained  by 
operating  the  generator  at  650  K.  W.  at  65  per  cent  P.  F.  than 
by  operating  it  at  850  K.  W.  at  85  per  cent  P.  F.  or  1000  K.  W. 
at  100  per  cent  P.  F.  The  gain  in  capacity  is  then  actually  some- 
what more  than  is  shown  by  the  foregoing  example.  In  addi- 
tion to  this  the  regulation  of  A.  C.  generators  improves  greatly 
as  the  P.  F.  improves. 

In  the  foregoing  example  the  question  of  obtaining  100  per 
cent  P.  F.  was  not  considered  because  in  general  this  is  not 
practical,  for  the  reason  that  as  you  approach  100  per  cent  P.  F. 
the  capacity  of  rotary  condenser  required  for  a  stated  gain  in 
P.  F.  increases  rapidly. 

By  referring  to  Figures  VI  and  VII  it  will  be  noted  that 
we  increased  the  power  factor  from  65  to  85,  or  20  per  cent, 
by  using  235  K.  V.  A.  rotary  condenser.  At  85  per  cent  P.  F. 
there  is  still  a  wattless  component  of  526  K.  V.  A.,  which  means 
that  it  would  require  about  530  K.  V.  A.  additional  capacity  of 
rotary  condenser  to  raise  the  P.  F.  15  per  cent  more,  to  100 
per  cent  P.  F. 

In  the  above  example  it  would  require 

47  K.  V.  A.  rotary  condenser  capacity  to  raise  P.  F.  from 
65  to  70. 

T2i  K.  V.  A.  rotary  condenser  capacity  to  raise  P.  F.  from 
90  to  95. 

313  K.  V.  A.  rotary  condenser  capacity  to  raise  P.  F.  from 
95  to  100. 
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This  same  result  can  be  obtained  by  over  exciting  a  syn- 
chronous motor  that  is  operating  under  load  on  the  system.  The 
motor  cannot  be  operated  at  a  current  of  more  than  full  load 
current,  however,  and  the  proportion  of  this  which  is  available 


as  wattless  current  will  naturally  decrease  as  the  energy  com- 
ponent increases.  Thus  if  the  235  K.  V.  A.  synchronous  motor 
were  required  to  carry  150  K.  W.  load  the  wattless  component 
of  the  current  would  be  181  K.  V.  A. 


Thus 


:     \*Vs~ 


*5<> 


181. 


If  we  wish  to  supply  a  motor  large  enough  to  give  235  K. 
V.  A.  wattless  leading  current  and  carry  at  the  same  time  150 
K.  W.  energy  load  we  would  require  279  K.  V.  A.  capacity. 


Thus 


:   -y  *35*  +  i5°a==27^ 


r,j.  ym. 


In  the  last  two  calculations  the  losses  in  the  motor  are  neg- 
lected, as  their  use  in  the  calculations  does  not  change  the  result 
any  appreciable  amount.     This  is  shown  in  Figure  VIII. 
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The  maximum  economy  of  material  in  building  a  synchronous 
motor  for  both  energy  output  and  rotary  condenser  service  is 
theoretically  obtained  where  the  energy  component  equals  the 
wattless  component  or  both  power  factor  and  capacity  factor 
equals  71  per  cent,  or  for  angle  of  lead  of  current  input  ahead 
of  impressed  E.  M.  F.  of  45  °.  Standard  sizes  of  machines 
already  developed  or  existing  conditions  in  a  particular  case 
limiting  or  favoring  the  utilization  of  the  mechanical  power 
developed  by  the  synchronous  motor  may  make  it  advisable  to 
depart  in  one  direction  or  the  other  from  the  above  theoretical 
rule. 

Actual  practice  in  the  use  of  rotary  condensers  gives  results 
that  are,  for  all  practical  purposes,  identical  with  calculated 
results. 

An  instance  of  the  installation  of  a  rotary  condenser  recently 
installed  in  the  power  plant  of  a  textile  mill  in  New  England 
will  show  how  well  it  accomplished  the  results  it  was  intended 
to  produce. 

The  power  plant  consisted  originally  of  a  600  K.  V.  A.  100 
R.  P.  M.,  600  volt,  three-phase,  60-cycle  generator  direct  coupled 
to  reciprocating  engine  of  780  I.  H.  P.  The  engine  efficiency 
was  about  92  per  cent  and  the  generator  efficiency  about  93 
per  cent.  This  meant  that  the  station  was  laid  out  so  that  the 
generator  could  carry  a  little  more  than  the  full  output  of  the 
engine  (498  K.  W.)  at  85  per  cent  P.  F.  =  586  K.  V.  A.  The 
first  motors  installed  in  the  mill  were  25  H.  P.  and  above  having 
at  full  load  a  power  factor  of  85  per  cent  and  better.  Individual 
motor  drive  for  textile  machinery  has  been  adapted  almost  uni- 
versally for  new  installments  within  the  last  two  years.  This 
means  the  use  of  motors  varying  from  7^2  H.  P.  down  to  1 
H.  P.  capacity  and  therefore  a  considerable  reduction  in  power 
factor  of  the  total  load.  In  the  case  in  hand  the  introduction 
of  a  large  number  of  small  motors,  which  were  being  frequently 
stopped  and  started,  reduced  the  average  P.  F.  in  this  station 
to  65  per  cent.  At  this  P.  F.  the  full  capacity  of  the  engine 
could  not  be  used  through  the  generator.  It  was  proposed  to 
raise  the  P.  F.  to  85  per  cent  by  installing  a  300  K.  V.  A.  rotary 
condenser. 

A  10  pole,  300  K.  V.  A.,  720  R.  P.  M.,  600  volt  self-starting 
synchronous  motor  with  direct  connected  exciter  and  controlling 
panel,  but  without  shaft  extension  for  pulley,  was  installed  in 
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power  station  where  regular  operators  could  attend.  Below  are 
readings  taken  showing  results  actually  obtained  after  condenser 
was  started.  A  power  factor  better  than  85  per  cent  is  obtained 
because  the  load  at  the  time  of  this  test  was  less  than  498  K.  W. 
The  readings  given  are  averages  of  a  number  of  readings  taken 
with  each  value  of  current  flowing  in  the  condenser.  The  rotary 
condenser  was  of  course  over  excited  and  the  current  flowing  in 
it  was  leading  current. 


Test 

Generator 

Syn  Condenser 

No. 

Volts 

Amps. 

K.W. 

K.V.A. 

P.  F. 

Amp. 

Amp.  Fid. 

No.8yn. 

« 

Condenser 
tn  Oond. 

1 

580.0 

636.3 

402.0 

637.4 

63.06 

floating 

a 

578.o 

61 1.0 

406.0 

611. 0 

66.44 

0 

27.5 

3 

578.7 

5537 

388.2 

554.1 

70.06 

50 

31.0 

4 

577.o 

552.3 

409.1 

551.3 

7420 

100 

35.0 

5 

577.6 

524.5 

409.1 

524.1 

78.00 

150 

41.O 

6 

579.1 

494.8 

414.5 

495-6 

83.63 

200 

45.0 

7 

580.0 

463.8 

405.4 

465.3 

87.02 

250 

50.O 

8 

580.0 

452.6 

412.7 

454.1 

90.90 

300 

57.0 

The  capacity  of  this  station,  without  the  rotary  condenser, 
with  its  load  at  65  per  cent  P.  F.,  wafe  nominally  65  per  cent  of 
600  K.  V.  A.  =  390  K.  W.  By  the  addition  of  the  condenser  the 
capacity  was  increased  to  498  K.  W.  full  capacity  of  engine. 

498  K.  W.  at  85  per  cent  P.  F.  =  586  K.  V.  A.  (less  than  600 
K.  V.  A.)  The  energy  required  to  operate  the  rotary  condenser 
at  full  K.  V.  A.  output  leading  current  is  16  K.  W. 

The  original  station,  including  building  foundations,  engine, 
generator,  exciters,  boilers,  switchboard  and  accessories,  cost 
probably  $110  per  rated  K.  W.  installed,  or  $66,000  =  $170  per 
K.  W.  available  at  65  per  cent  P.  F.  The  price  of  the  300  K.  V. 
A.  rotary  condenser  installed  with  panel  was  $3,000,  increasing 
the  available  capacity  of  the  station  108  K.  W.,  which  equals  a 
cost  of  $28  per  K.  W.,  with  practically  no  increase  in  operating 
expenses. 

The  use  of  rotary  condensers  in  this  way  is  just  beginning 
and  it  is  probable  that  a  great  many  will  be  installed  within  the 
next  year. 

In  the  above  case  power  is  utilized  in  small  quantities,  so 
that  it  was  not  feasible  to  arrange  to  take  power  from  the  rotarv 
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condenser.  Each  individual  case,  however,  requires  special  con- 
sideration. 

Another  case  where  a  rotary  condenser  will  soon  be  installed 
to  improve  the  power  factor  of  a  600  K.  W.  load  contemplates 
the  replacing  of  a  small  steam  engine  now  used  for  driving  two 
75  K.  W.  direct  current  lighting  generators  by  a  synchronous 
motor  of  210  K.  V.  A.  capacity,  arranged  to  operate  at  71  per 
cent  P.  F.,  this  delivering  150  K.  W.  energy  for  driving  load 
and  150  K.  V.  A.  leading  current,  which  will  be  used  to  raise 
the  P.  F.  of  their  total  load.  This  motor  will  of  course  be 
installed  in  the  main  station  where  the  other  power  apparatus 
is  now  operating. 

Another  installation  to  be  made  is  in  a  chocolate  factory, 
where  the  total  load  on  station  amounts  to  1,500  K%  V.  A.  at  71 
per  cent  P.  F.  One  feeder  circuit  leading  to  a  center  of  dis- 
tribution 700  feet  from  the  generators  has  750  K.  V.  A.  load 
at  71  per  cent  P.  F.  The  total  load,  therefore,  consists  of 
approximately  1,072  K.  W.  energy  component  and  1,072  K.  V.  A. 
wattless  component.  The  750  K.  V.  A.  feeder  circuit  load  consists 
of  536  K.  W.  energy  component,  and  536  K.  V.  A.  wattless  com- 
ponent lagging  current.  A  400  K.  V.  A.  rotary  condenser  will 
be  installed  at  the  end  of  the  heavy  feeder  and  operated  at  400 
K.  V.  A.  leading  current  without  load. 

This  will  reduce  the  current  in  the  feeder  to  553  K.  V.  A. 
at  a  P.  F.  of  97  per  cent  and  reduce  the  total  K.  V.  A.  of  the 
station  to  approximately  1,225  K.  V.  A.  at  88  per  cent  P.  F. 

In  conclusion  it  may  be  said  that  in  view  of  the  large  pro- 
portional increase  in  generator  capacity  which  can  be  obtained 
by  the  use  of  a  rotary  condenser  in  plants  where  the  P.  F.  is 
75  per  cent  or  less  and  the  comparatively  small  investment  per 
K.  W.  gain  required,  there  are  few  plants  with  a  P.  F.  as  low 
as  75  per  cent  and  in  which  additional  capacity  is  required, 
where  the  use  of  a  rotary  condenser  is  not  highly  desirable  and 
a  good  investment.  The  energy  required  to  supply  the  losses 
will  be  about  5  per  cent  of  total  K.  V.  A.  rating  of  condenser, 
and  although  this  is  not  entirely  made  up  by  reduction  in  losses 
in  generators  and  transmitting  conductors  it  will  in  most  cases 
prove  to  be  by  far  the  least  expensive  way  of  increasing  generator 
capacity  available.  In  addition  to  this  there  is  always  the  im- 
provement in  generator  regulation  and  in  operating  conditions, 
such  as  reduced  exciter  capacity  and  exciter  voltage  required. 
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In  some  cases  the  latter  point  alone  becomes  of  sufficient  im- 
portance to  warrant  the  installation  of  rotary  condenser  aside 
from  other  considerations. 


THE  SIX- YEAR  ACADEMIC  ENGINEERING  COURSE. 

BY  GEORGE  R.  CHATBURN, 
Professor  of  Applied  Mechanics  and  Machine  Design,  the  University  of  Nebraska. 

One  year  ago  last  summer  the  writer  read  a  paper  on  "A 
Combined  Cultural  and  Technical  Engineering  Course"  before 
the  Society  for  the  Promotion  of  Engineering  Education,  a 
national  organization  which  met  that  year  in  Cleveland,  Ohio.* 
In  this  paper  was  a  synopsis  of  such  a  course.  It  was  quite 
favorably  received  by  the  society;  and  later,  on  a  more  detailed 
course  along  the  same  lines  being  presented  to  our  faculty,  it 
was  adopted  and  is  now  one  of  the  regular  courses  of  the 
university. 

The  six-year  academic-engineering  course  makes  it  possible 
for  a  student  to  fulfill  the  requirements  for  the  bachelor  of  arts 
and  also  for  the  technical  engineering  degrees  in  six  years'  time. 
There  is  therefore  no  weakening  of  either  course,  but,  on  the 
contrary,  we  think  each  is  made  stronger  by  means  of  the 
combination.  The  writer  is  further  of  the  opinion  that  persons 
not  intending  to  be  engineers  will  find  this  course  to  be  a  very 
valuable  one.  The  reasons  for  adopting  such  course  may  then 
be  properly  placed  under  two  general-  and  several  sub-heads  as 
follows : 

1.  For  the  Engineering  Student. 

i.  It  gives  him  a  wider  knowledge  of  purely  engineering 
subjects.  More  subjects  are  "required,"  and  these  are  spread 
over  the  coordinate  branches  of  engineering,  thus  allowing  the 
civil  engineering  student,  for  example,  to  become  acquainted  with 
those  electrical  and  mechanical  engineering  topics  which,  though 
not  strictly  civil  engineering,  may  become  useful  to  him  in  his 
future  career. 

2.  It  gives  him  a  better  knowledge  of  those  general  cultural 
subjects,  such  as  language,  including  the  mother  tongue,  his- 
tory, economics,  and  the  natural  sciences,  upon  which  to  build 
the  highest  ideal  of  a  technical  education. 

3.  By  extending  the  course  easier  general  subjects  will  natu- 

*  Proceedings  of  the  Society  for  the  Promotion  of  Engineering  Educa- 
tion, Vol.  XV,  1907,  pp.  222-22Q.    Discussion,  pp.  239-256. 

(49) 
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rally  take  up  much  of  the  time  of  the  earlier  years,  while  the 
harder  technical  subjects  will  be  spread  over  a  longer  period, 
thus  the  mind  is  better  prepared  for  their  reception  and  will 
retain  them  with  greater  ease.  And,  unlike  requiring  a  student 
to  complete  his  academic  degree  before  beginning  engineering, 
he  feels  that  he  is  working  with  a  purpose  in  view  and  that  his 
studies  are  pointing  toward  the  coveted  end,  his  future  pro- 
fession. 

4.  It  makes  him  versatile,  and  versatility  is  by  no  means  to 
be  despised. 

5.  Engineering  practice  in  this  country  is  undergoing  a 
change.  Heretofore  most  engineering  had  to  do  with  the  open- 
ing and  establishment  of  new  industries  and  in  places  remote 
from  crowded  settlements.  The  engineer  did  not  come  in  con- 
tact with  many  of  his  fellow  men  and  those  he  did  meet  were 
not  usually  the  keenest  and  brightest.  Now  he  is  finding  re- 
munerative practice  in  the  larger  communities.  Employers  of 
his  skill  are  alert,  competition  is  brisk,  it  behooves  him  to  be 
most  thoroughly  prepared. 

6.  The  study  of  the  classics,  history,  philosophy,  etc.,  is 
largely  of  man,  while  in  engineering  much  pertains  to  materials 
and  the  laws  of  nature.  True,  in  the  upper  classes,  when  the 
student  has  reached  the  highest  grade  of  engineering  instruction, 
that  of  designing,  he  may  be  led  to  see  beyond  the  design  to  its 
purpose,  the  interest  of  humanity  in  it,  and  thus  indirectly  gain 
some  of  that  sort  of  culture  which  is  obtained  through  the  study 
of  the  humanities.  But  with  the  crowded  curricula  and  in- 
structors not  idealistic  the  probabilities  of  his  doing  so  will  be 
small. 

7.  The  argument  of  the  last  paragraph  indicates  the  six-year 
course  to  be  very  desirable  for  that  student  who  wishes  to  be- 
come an  engineering  teacher. 

8.  It  fits  him  with  the  so-called  refinements  and  polish  of 
education.  Makes  it  possible  for  him  to  create  a  good  im- 
pression by  tongue,  by  pen,  by  deportment,  whether  it  be  before 
the  public,  on  the  rostrum,  in  society,  or  in  the  private  and 
exclusive  room  of  a  board  of  directors. 

9.  Makes  it  possible  for  him  to  accept  promotion  in  a  related 
branch  of  his  own  profession  with  greater  surety  of  success,  or, 
if  circumstances  so  dictate,  to  more  readily  change  to  a  different 
vocation.    In  short,  makes  it  possible  for  him  to  become  a  leader 
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not  only  in  engineering  but  a  man  of  influence  in  the  general 
affairs  of  the  community  in  which  he  lives.* 

II.  For  the  Academic  Student. 

i.  It  furnishes  a  fine  preparation  for  a  business  career.  And 
this  holds  true  even  if  only  the  first  four  years  leading  to  the 
bachelor  of  arts  degree  be  taken.  If  five  years  be  taken  the 
student  would  have  the  scholastic  training  necessary  to  fit  him 
for  many  of  those  semi-engineering  positions  such  as  managers, 
superintendents  and  presidents  of  manufacturing  and  public 
service  industries.  Insurance  companies  and  banks  which  loan 
money  on  buildings  often  want  men  of  some  technical  training, 
while  promoters,  contractors  and  salesmen  with  this  same  train- 
ing are  always  in  demand. 

2.  The  earlier  years  of  the  course,  as  outlined,  contain  some 
technical  work,  together  with  mathematics,  thus  giving  the 
student  an  opportunity  to  ascertain  for  himself  whether  or  not 
he  has  the  requisite  qualifications  for  an  engineering  profession 
or  a  business  career.  If  not  he  can  easily  branch  out  into  literary 
or  scientific  work  without  detriment  or  delay.  A  student  who 
took  two  years  of  engineering  and  then  decided  to  take  up 
agriculture  informs  me  that  the  careful  training  in  observation, 
detail  and  arrangement  he  received  in  his  engineering  work  has 
been  of  great  service  to  him  in  his  agricultural  studies.  And 
this  is  not  an  isolated  case ;  all  men  who  have  had  the  engineering 
training  before  taking  up  other  lines  bear  practically  the  same 
testimony. 

3.  The  successful  man  is  he  who  can  do  as  well  as  dream. 
The  study  of  engineering  subjects  especially  cultivates  those 
powers  and  faculties  which  aid  in  doing,  by  creating  habits  of 
clear  and  exact  thought,  of  systematic  methods  and  arrangement. 
That  men  shall  "be  judged  according  to  their  works"  is  indeed 
true.  A  man's  work  makes  known  to  others  his  peculiar  qual- 
ities in  words  so  clear,  so  distinct  that  "he  who  runs  may  read." 

4.  A  training  in  the  application  of  scientific  truth  to  engineer- 

*  Professor  H.  P.  Talbot,  of  the  Massachusetts  Institute  of  Technology, 
in  "Science,"  January  8,  1909,  says:  "In  technical  institutions  particularly, 
it  is  vital  to  the  best  results  that  younger  students  especially  should  be 
made  to  appreciate  that  even  the  grade  of  professional  position  which 
they  will  ultimately  fill  will  depend  upon  their  ability  to  view  their  own 
profession  broadly,  upon  their  ability  to  take  the  proper  part  in  community 
life,  and  upon  their  ability  to  have  an  avocation  which  will  relieve  the 
tension  of  uninterrupted  and  often  anxious  thought  along  one  line." 
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ing  problems  leads  to  a  like  application  of  these  truths  to  the 
problems  of  business  life. 

5.  Engineering  subjects  require  a  peculiar  concentration  of 
mind  unknown  to  most  subjects  in  the  academic  curriculum; 
hence  there  is  developed  a  discipline  of  the  highest  order,  en- 
abling things  to  be  seen  in  their  right  proportion,  errors  to  be 
detected  and  evidence  to  be  carefully  weighed.  The  educated 
engineer  is  usually  "well  balanced"  and  "level  headed,"  seldom 
"scatter  brained" ;  has  that  peculiar  temperament  called  "poise," 
and  while  judicially  conservative  is  nevertheless  progressively 
radical  and  resourceful. 

6.  While  the  qualities  of  leadership  may  not  be  acquired  in 
the  manner  of  book  learning,  yet  if  these  qualities  are  latent  in 
the  individual  the  group  method  of  teaching  in  use  in  the  best 
engineering  schools  will  develop,  and  the  very  nature  of  an 
engineering  training,  being  expository,  will  aid  in  their  ex- 
pression. 

7.  This  being  an  age  of  invention,  an  age  of  great  industrial 
activity,  it  behooves  every  man  who  would  have  a  wide  horizon 
to  have  some  knowledge  of  engineering.  The  man  who  confines 
himself  wholly  to  language  and  literature  is  as  lacking  in  culture 
as  the  man  who  confines  himself  strictly  to  technology. 

Not  long  ago  I  heard  Mr.  Warter,  of  the  firm  of  Warner  & 
Swasey,  builders  of  the  world's  largest  telescope,  say : 

"It  is  pleasant  to  find  a  really  big  fellow  who  does  not  have 
to  talk  on  his  business  or  his  hobby  all  the  time.  I  went  to 
New  York  a  while  ago  and  in  the  same  car  with  me  were  six 
bankers.  I  was  the  only  poor  mechanic  in  the  whole  lot.  What 
do  you  suppose  those  bankers  talked  about  till  the  wee  small 
hours  ?  Nothing  but  money  and  stocks.  It  was  a  good  subject, 
but  there  ought  to  have  been  a  dozen  topics  on  which  those 
men  should  have  been  posted,  so  they  would  not  have  to  talk 
shop  away  from  their  business." 

The  outlined  course  is  exactlv  the  same  for  civil,  mechanical 
and  electrical  students  for  the  first  three  years,  there  being, 
though,  five  hours  of  free  electives  in  the  third  year.  The  fourth 
year  shows  a  small  amount  of  differentiation,  the  fifth  more  and 
the  sixth  is  highly  technical.  This  scheme  allows  a  student 
three  full  vears  in  which  to  "find  himself"  and  decide  which 
one  of  several  lines  of  engineering  he  may  wish  to  follow,  if  any. 
Likewise  those  who  wish  a  general  course  with  only  sufficient 
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of  the  technical  to  prepare  for  business  will  find  this  a  very 
good  selection. 

The  hours  common  to  the  several  lines  of  work  are  shown 
in  this  table : 

Civil  Electrical     Mechanical     Electives 

Civil    188  131  131  20 

Electrical 131  188  141  15 

Mechanical    131  141  188  19 

Electives  (free)   20  15  19 

The  table  shows  that  about  four-fifths  of  all  the  work  is 
common  to  the  three  lines.  This  is  in  harmony  with  the  idea 
that  the  same  basic  principles  underlie  all  branches  of  engineer- 
ing. Some  educators  think  these  are  all  that  it  is  necessary  to 
teach;  that  when  a  college  has  taught  these  fundamentals  it  has 
taught  a  man  how  to  go  on  educating  himself  after  leaving 
college,  and  that  is  as  far  as  any  college  ought  to  go.  Others 
think  it  is  the  province  of  a  school  to  teach  the  "how"  of  each 
separate  operation  of  a  trade.  Our  course  is  a  kind  of  mean 
between  these  two  extremes.*  It  should  be  noted  that  the  other 
one-fourth  is  the  most  technical  part  of  each  line. 

The  six-year  course  is  not  peculiar  to  Nebraska.  Michigan 
has  adopted  such  a  course,  and  Dean  Cooley,  in  a  recent  letter 
to  the  writer,  says:  "You  will  perhaps  be  interested  to  learn 
that  the  indications  point  to  this  course  becoming  a  popular  one." 
Minnesota  has  a  five-year  course.  Harvard  requires  a  bacca- 
laureate degree  before  entering  the  engineering  courses.  Dean 
Goetze  of  Columbia  says : 

"We  have  been  fostering  this  course  to  the  greatest  possible 
extent  for  several  years.  We  are  strongly  advising  entering 
students  to  come  to  our  engineering  courses  by  way  of  the  col- 
lege, and  there  are  now  some  thirty  or  forty  of  our  students 
who  are  taking  this   combined   course.     They   come   into  the 

*  In  a  toast  at  a  banquet  of  the  Nebraska  Schoolmasters'  Club,  January 
8,  1909,  Dr.  Winship,  of  Boston,  said  in  substance:  "That  the  schools  of 
today  are  educating  the  men  of  the  future,  that  a  man's  education  should 
not  be  so  much  for  a  doing  of  a  particular  thing  as  to  be  such  that  he 
might  attack  and  conquer  any  problem  that  the  future  should  present.  A 
hundred  years  ago  a  hardware  store  carried  in  stock  but  few  tools.  Today 
the  up-to-date  store  must  have  on  its  shelves  hundreds  of  different  varie- 
ties. The  workman  of  today  needs  not  so  much  to  be  taught  the  applica- 
tion of  a  particular  tool  as  to  be  so  educated  that  when  he  sees  a  new  tool 
he  can  immediately  understand  its  use,  and  by  the  general  training  of  his 
faculties  and  muscles  proceed  to  use  it." 
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technical  school  better  prepared  and  more  mature  and  are  con- 
sequently better  able  to  keep  up  with  the  hard  work  which  is 
required  of  them  in  our  engineering  courses." 

Case  School  of  Applied  Science,  according  to  President  Howe, 
has  an  arrangement  with  Adelbert  College  whereby  their  stu- 
dents have  the  advantage  of  the  combined  course.  He  says, 
"We  had  nine  men  last  year  and  fifteen  are  coming  next  year." 
The  Iowa  State  College,  the  Massachusetts  Institute  of  Tech- 
nology and  other  institutions  are  considering  the  same  matter. 

There  are  many  qualities  desirable,  if  not  absolutely  essential, 
to  the  successful  engineer  which  are  inherent,  no  school  can 
supply  them.  But  a  good  course  of  instruction  will  accentuate 
the  good  qualities  necessary,  and  an  earnest  desire  and  endeavor 
on  the  part  of  the  student  will  do  much  to  cultivate  and  make 
them  prominent  in  his  character.  Good  judgment  is  the  result 
of  experience  backed  by  hard  study.  Right  judgment  comes 
from  honesty  of  purpose.  Love  of  literature  and  an  appreciation 
of  the  beautiful  are  things  every  engineer  should  strive  for, 
while  agreeable  manners  and  tact  are  essential  to  all  business 
success. 


THE  HISTORY  OF  A  STEAM  PIPE. 

BY   PHILIP   K.   SLAYMAKER, 
Assistant  Professor  of  Applied  Mechanics  and  Machine  Design. 

Up  in  the  northern  part  of  Michigan,  Wisconsin  and  Minne- 
sota, in  what  is  known  as  the  Ore  Ranges,  there  is  being  mined, 
both  from  open  pits  and  by  means  of  shafts,  what  appears  to 
be  a  dark  red  clay,  which  is  then  loaded  for  shipment.  This 
red  clay  is  iron  ore  and  the  region  mentioned  one  of  the  richest 
in  the  world.  The  ore  from  this  Lake  Superior  region  is  known 
as  red  hematite  and  is  in  fact  a  natural  iron  rust,  the  composition 
being  Fe2Os  and  containing  70  per  cent  of  iron.  The  ore  after 
being  mined  is  transported  by  water  to  Chicago,  Cleveland, 
Buffalo  and  other  lake  ports  where  blast  furnaces  are  located, 
or  else  by  rail  to  inland  manufacturing  centers,  such  as  that  of 
the  Pittsburg  district. 

The  reduction  of  the  iron  ore  in  the  blast  furnace  consists 
in  taking  away  the  combined  oxygen  and  earthy  impurities, 
leaving  the  pure  iron.  The  blast  furnace,  which  might  be  desig- 
nated as  a  huge  gas  producer,  is  a  stack  usually  about  100  feet 
high,  made  from  steel  plates  and  lined  with  fire  brick.  Iron 
ore,  coke  and  limestone  in  the  proper  proportions  are  charged 
in  at  the  top  and  air  is  supplied  as  a  hot  blast  through  tuyers 
near  the  bottom.  The  air  as  it  enters  through  the  tuyers  and 
starts  on  its  upward  journey  through  the  stock  in  the  furnace, 
unites  with  the  glowing  coke  to  form  C02,  which  is  immediately 
changed  by  its  contact  with  other  pieces  of  incandescent  coke 
to  CO.  The  final  result  of  this  combustion  is  the  formation  of 
CO,  entirely  free  from  C02,  which  constantly  rises  through  the 
stock.  In  the  meantime  the  iron  ore  charged  in  at  the  top  of 
the  furnace  is  at  once  partially  reduced  by  its  contact  with  CO 
from  Fe2Os  to  Fe304,  the  reaction  increasing  as  the  ore  descends 
and  meets  with  higher  temperatures.  At  a  depth  of  10  feet, 
where  the  the  temperature  is  about  4500  C,  all  the  Fe20„  is 
reduced  to  Fe804.  The  hottest  part  of  the  furnace  is  in  the 
neighborhood  of  the  tuyers  and  is  about  1,500°  C.  While  these 
reactions  are  going  on  carbon  has  begun  to  be  deposited  in  the 
pores  of  the  iron  ore,  and  this  carbon  remaining  associated  with 
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the  iron  furnishes  the  needed  proportion  for  its  conversion  into 
pig  iron.  At  a  depth  of  13J4  feet  and  a  temperature  of  5000  C, 
Fe804  is  being  strongly  acted  upon  and  further  reduced  to  FeO. 
The  limestone  coming  down  with  the  stock  upon  reaching  a 
depth  of  32  feet  and  a  temperature  of  8oo°  C.  (at  which  point 
all  the  FeO  is  reduced  to  spongy  iron)  is  decomposed;  C02  is 
driven  off  and  the  caustic  lime  CaO  descends  to  the  zone  of 
fusion  to  flux  the  silicious  ingredients  of  the  charge.  The  iron 
gradually  accumulates  on  the  hearth  of  the  furnace  and  is  tapped 
off  at  regular  intervals.  The  slag  being  lighter  than  the  iron, 
floats  on  top  of  it  and  is  drawn  off  at  a  point  higher  up.  The 
iron  thus  tapped  off  is  run  into  long,  narrow,  open  sand  moulds, 
and  when  cool  it  is  called  pigs,  hence  the  term  pig  iron.  The 
gas  taken  from  the  top  of  the  furnace  varies  widely  in  compo- 
sition, but  a  normal  gas  will  have  in  volume  11.97  CO,,  26.42 
CO,  1.50  H,  .30  O  and  59.81  N.  This  gas  is  utilized  by  burning 
it  in  the  hot  blast  stoves  for  heating  the  air  blast  for  the  furnace, 
burning  it  under  steam  boilers  for  generating  power  and  in  some 
of  the  more  modern  blast  furnace  plants  is  used  directly  in  gas 
engines. 

The  steel  from  which  pipe  is  made  is  usually  of  the  Bessemer 
process  because  of  the  easy  control  and  continuous  supply  of 
low  carbon  steel  from  a  Bessemer  plant  in  connection  with  a  pipe 
mill.  The  fact  that  this  steel  is  somewhat  "higher  in  phosphorus 
and  sulphur  than  that  of  the  open  hearth  process  is  no  objection 
in  welded  pipe  where  the  quantity  of  metal  is  so  greatly  in  excess 
of  what  strength  requires,  and  it  also  makes  the  pipe  more  easily 
threaded.  A  small  proportion  of  pipe  steel  is  however  still 
made  by  the  basic  open-hearth  process. 

In  the  Bessemer  process  of  making  steel  the  pig  iron  is 
remelted  in  an  ordinary  cupola,  and  this  is  sometimes  mixed 
with  the  molten  iron  direct  from  the  blast  furnace  in  a  large, 
hot-metal  reservoir,  from  which  it  is  poured  into  large  ladles 
arid  then  emptied  into  the  converter. 

The  converter  is  a  large  vessel  in  outline  much  resembling  an 
egg  and  made  from  steel  plates.  The  lining  generally  used  in 
America  is  of  ordinary  silicious  rock  and  clay,  and  it  is  from 
the  nature  of  this  lining  that  the  making  of  steeF  in  such  a 
converter  is  described  as  the  acid  process.  By  this  method 
phosphorus  and  sulphur  cannot  be  removed  from  the  charge, 
and  as  no  steel  is  allowed  to  contain  more  than  one-tenth  of  one 
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per  cent  of  either,  it  follows  that  the  pig  iron  used  must  not 
contain  more  than  the  allowed  amount.  The  converter  is  sup- 
ported by  trunnions  near  its  center,  thus  making  it  possible  to 
swing  it  at  any  angle  in  the  vertical  plane.  The  bottom,  which 
is  at  the  large  end,  is  removable  and  fitted  with  nozzles,  each  of 
which  is  cylindrical  in  form  and  contains  a  large  number  of 
small  holes.  These  nozzles  almost  entirely  cover  the  bottom  of 
the  converter  and  open  into  a  wind  box  which  is  connected  with 
an  air  blast  through  one  of  the  trunnions  of  the  vessel.  The 
converter  is  first  revolved  into  a  horizontal  plane,  its  motion 
being  derived  from  a  hydraulic  cylinder,  and  while  in  this  posi- 
tion receives  the  charge,  which  may  be  from  ten  to  twenty  tons 
of  molten  pig  iron.  The  blast  is  now  turned  on  and  the  vessel 
turned  at  once  to  an  upright  or  an  inclined  position.  The  air 
which  is  now  blowing  through  the  iron  burns  out  the  carbon 
and  the  silicon,  while  the  process  of  combustion  greatly  increases 
the  temperature  of  the  charge.  In  the  making  of  soft  steel 
the  blowing  is  continued  until  the  carbon  is  reduced  to  .05  per 
cent,  which  usually  requires  from  seven  to  twelve  minutes,  the 
blower  being  guided  by  the  change  in  the  color  of  the  flame.  The 
converter  is  now  returned  to  the  horizontal  position,  the  blast 
is  shut  off  and  the  metal  poured  into  another  ladle.  In  order 
that  the  steel  may  be  tough  while  hot  and  able  to  stand  the  dis- 
tortion due  to  the  process  of  rolling  a  certain  amount  of  man- 
ganese is  added  while  the  charge  is  being  poured  from  the 
converter.  In  the  case  of  soft  steel  this  manganese  is  usually 
added  in  the  form  of  a  rich  alloy  called  ferromanganese,  which 
contains  about  80  per  cent  of  manganese,  and  this  carries  with 
it  sufficient  carbon  to  bring  the  percentage  of  this  element  up 
to  the  proper  amount. 

The  open-hearth  process  is  a  more  deliberate  one.  Pig  iron 
and  scrap  steel  being  charged  into  a  regenerative  furnace  which, 
as  the  name  of  the  process  implies,  has  a  large,  open  hearth 
exposed  to  the  flame,  and  the  charge  in  this  manner  comes  in 
contact  with  the  burning  gases. 

The  steel,  after  being  poured  into  the  ladle,  whether  from 
the  converter  or  tapped  from  an  open-hearth  furnace,  is  ca*t 
into  ingots.  The  ladle  has  an  opening  in  the  bottom  for  drawing 
off  the  steel  and  in  this  manner  the  cinder,  which  is  lighter  than 
the  metal  and  floats  on  top  of  it,  is  prevented  from  being  poured 
into  the  mould.     The  ingot  moulds  are  hollow   frustrums   of 


5§  THE  NEBRASKA  BLUE  PRINT. 

square  pyramids,  with  the  sides  inclined  only  slightly.  These 
moulds  have  very  thick  walls,  but  no  bottoms,  and  are  stood  on 
heavy  cast  iron  plates  which  are  carried  on  small  cars.  The 
top  of  the  mould  has  a  cylindrical  opening  on  which  a  cap  is 
securely  fastened  after  the  steel  is  poured  in  it  from  the  ladle. 
After  the  mould  is  filled  a  hydraulic  cylinder  of  a  definite  stroke 
moves  the  car  far  enough  to  bring  the  next  mould  under  the 
tapping  hole  of  the  ladle,  and  this  continued  until  the  entire 
charge  is  emptied.  The  moulds  are  now  taken  to  the  stripper  and 
when  the  steel  has  chilled  sufficiently  the  moulds  are  pulled  off 
leaving  the  red-hot  ingots  standing  on  the  cars.  As  the  ingots 
cool  the  process  of  course  begins  at  the  outside  and  as  a  thick, 
hard  crust  will  now  cover  a  soft  interior  it  is  not  in  condition  to 
roll,  but  must  be  of  uniform  temperature  throughout.  To  ac- 
complish this  the  ingot  is  next  put  in  what  is  called  the  soaking 
pit  or  pit  furnace.  Here  it  is  left  to  soak,  as  it  were,  utilizing 
its  own  initial  heat  and  being  aided  by  that  of  the  furnace  till 
it  comes  to  the  proper  condition  for  rolling,  when  it  is  lifted 
from  the  soaking  pit  by  an  electric  traveling  crane  and  then 
placed  upon  the  mill  table. 

The  table  is  a  roller  conveyor  which  carries  the  ingot  up  to 
the  mill  through  whose  powerful  rolls  it  is  passed.  Back  and 
forth  it  goes  in  the  process  of  rolling,  and  meanwhile  is  turned 
over  and  over  so  as  to  roll  it  on  all  sides,  or  skidded  from  one 
pass  to  another  by  the  hydraulic  manipulator  as  if  the  ingot 
was  a  mere  plaything  instead  of  several  tons  of  steel.  After 
each  pass  the  cross  section  is  reduced  in  size  and  the  piece 
drawn  out  longer  and  longer.  At  last  after  becoming  a  section 
of  about  2  inches  by  14  inches  and  after  passing  through  the 
shear,  where  it  is  cut  into  short  lengths,  the  ingot  has  changed 
its  name  to  slabs;  the  whole  operation  of  rolling  consuming 
about  five  minutes  and  the  shearing  requiring  about  the  same 
length  of  time.  The  slabs  are  now  taken  to  the  plate  mill,  re- 
heated and  again  rolled  this  time  into  long,  thin  sheets  called 
skelp,  the  thickness  and  width  of  which  depend  upon  the  size 
of  the  pipe  to  be  made. 

In  the  process  of  making  lap-welded  tubes  the  skelp  is  re- 
heated in  what  is  called  the  bending  furnace.  This  is  a  regener- 
ative furnace  with  a  hearth  long  enough  to  accommodate  the 
skelp  for  the  greatest  length  of  pipe  to  be  made,  and  of  such 
width  as  to  allow  several  plates  side  by  side.    The  furnace  opens 
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in  both  the  back  and  front,  the  skelp  being  charged  at  one  end 
and  removed  from  the  other.  When  a  plate  has  been  heated 
to  the  proper  temperature  it  is  pushed  through  from  the  back 
of  the  furnace  into  the  scarfing  rolls  which  prepare  its  edges 
for  the  weld.  After  passing  through  these  rolls  it  is  pulled 
through  a  bell-mouthed  casting,  called  the  bending  box,  by 
means  of  a  pair  of  tongs  attached  to  an  endless  chain  which 
runs  over  sprocket  wheels  placed  in  line  with  the  box.  This 
bell-mouthed  casting  terminates  in  a  cylinder  of  a  diameter 
somewhat  greater  than  that  of  the  pipe  to  be  made  and  the 
plate  is  thus  bent  into  cylindrical  form  ready  to  be  welded.  As 
soon  the  the  bending  operation  is  completed  the  tongs  are  re- 
leased, and  the  now  roughly-formed  tube  is  mechanically  lifted 
from  the  bending  bench  and  allowed  to  roll  down  a  set  of  skids 
until  it  falls  into  a  roller  conveyor  at  the  back  of  the  welding 
furnace.  In  the  case  of  butt-weld  pipe  the  skelp  is  pulled 
through  a  bell-shaped  casting,  which  bends  and  welds  the  tube 
at  one  operation.  The  skelp  for  the  large-sized  lap- weld  pipe 
is  bent  by  the  means  of  bending  rolls  instead  of  U9ing  the 
bending  bench  as  described. 

After  the  pipe  has  thus  been  roughly  formed  it  is  again  heated 
to  a  welding  temperature,  and  again  pushed  through  the  furnace, 
but  this  time  into  the  welding  rolls.  The  welding  rolls  are 
about  three  feet  in  diameter  with  their  axes  horizontal,  the  one 
above  the  other.  The  bearings  are  supported  in  heavy  housings, 
with  a  screw-down  mechanism  to  secure  the.  desired  pressure 
for  welding  the  pipe.  The  pass  between  the  rolls  is  circular, 
with  a  diameter  a  little  greater  than  that  of  a  finished  pipe.  A 
cast-iron  ball,  as  it  is  called,  which  is  rather  a  pointed  cylinder 
very  similar  to  a  projectile,  is  held  central  with  the  pass  between 
the  rolls  and  is  less  than  the  diameter  of  the  pass  by  an  amount 
equal  to  the  thickness  of  the  skelp  all  around.  This  ball  is 
held  in  position  on  the  end  of  a  long  bar,  the  latter  being  sup- 
ported at  the  other  end  by  a  machine  called  the  bar  puller.  As 
the  skelp  comes  between  the  welding  rolls  the  edges  are  thus 
pressed  firmly  together  against  the  ball  and  the  welded  joint  is 
formed.  In  special  cases,  such  as  boiler  tubes,  the  pipe  may 
pass  through  the  welding  furnace  and  rolls  a  second  time,  which 
is  called  the  second  run.  In  some  mills  two  pairs  of  welding 
rolls  are  placed  in  tandem.  As  the  pipe  is  welded  it  is  of  course 
carried  on  to  the  bar  that  supports  the  ball,  so  as  soon  as  the 
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process  is  completed  the  bar  is  withdrawn  by  the  bar  puller,  the 
ball  dropping  into  a  receptacle  in  front  of  the  furnace,  vhi'e 
the  pipe  falls  on  another  set  of  skids  and  rolls  down  into 
another  roller  conveyor  which  carries  it  up  and  into  the  sizing 
rolls. 

The  sizing  rolls  are  much  similar  to  the  welding  rolls,  but 
of  somewhat  smaller  diameter,  and  the  whole  machine  is  lighter 
in  construction,  and  they  are  not  provided  with  the  ball  which 
is  so  necessary  to  the  process  of  welding.  The  purpose  of  these 
rolls,  as  the  name  implies,  is  to  give  the  tube  the  proper  size. 
The  operations  relative  to  the  manufacture  are  now  nearly 
completed,  the  next  and  final  being  that  of  the  finishing  rolls 
or,  as  more  generally  known,  the  cross  rolls. 

These  rolls  are  in  form  hyperboloids  of  revolution,  placed 
with  their  axes  crossing  each  other.  The  angle  made  by  the 
projection  of  their  axes  and  the  distance  between  the  rolls  them- 
selves varies  with  the  size  of  the  pipe  and  may  be  adjusted 
within  certain  limits.  The  pipe  enters  the  cross  rolls  immediately 
after  leaving  the  sizing  rolls,  being  still  at  a  red  heat,  and  the 
combined  rolling  and  sliding  action  of  these  rolls  makes  it  spin 
around  very  rapidly  and  at  the  same  time  moves  it  forward  at 
a  considerable  slower  rate  of  speed.  Coming  from  these  rolls, 
we  find  the  tube  to  be  perfectly  smooth  and  round  and  it  is 
now  automatically  lifted  on  to  a  cooling  rack  which  conveys  it 
slowly  away  from  the  mill.  By  the  time  the  pipe  reaches  the 
end  of  the  conveyor  it  has  cooled  sufficiently,  whence  it  is 
dropped  off  on  a  truck  and  hauled  away.  The  ragged  ends 
are  now  cut  off  and  the  pipe  threaded ;  it  is  then  ready  for  the 
market. 

The  socket  or  coupling  is  roughly  formed  and  then  welded 
under  a  small  steam  hammer,  although  there  are  in  many  mills 
machines  that  perform  both  operations  of  bending  and  welding. 
The  threading  of  the  socket  is  performed  with  a  special  tap 
so  as  to  give  it  the  taper  required  to  make  a  tight  joint  when 
screwed  on  the  pipe.  An  older  method  which  is  still  in  use  is 
to  tap  the  socket  with  a  straight  tap,  but  a  little  small  for  the 
pipe,  and  then  expand  the  ends.  Before  leaving  the  mill  each 
pipe  is  tested  by  hydraulic  pressure,  to  be  sure  of  a  perfect  weM. 


DOES  THE  ROTARY  STEAM  ENGINE  PAY? 

BY  GEORGE  S.   WILSON,    '06. 

In  the  ordinary  steam  engine  the  energy  in  the  steam  is  used 
to  give  a  reciprocating  motion  to  the  piston.  This  reciprocating 
motion  of  the  piston  is  converted  into  the  rotary  motion  of  the 
engine  shaft  through  the  medium  of  piston-rod,  cross-head, 
connecting-rod  and  crank.  If  we  should  use  the  energy  of  the 
steam  directly  to  produce  rotation,  we  should  have  the  piston 


revolving  about  an  axis  which  would  be  the  axis  of  the  engine 
shaft.  We  would  have  a  rotary  engine,  and  by  this  one  step 
would  do  away  with  all  the  intermediate  connections,  with  their 
attendant  friction  loss  and  cost  of  maintenance. 

Examining  the  patent  office  records,  we  find  about   18,000 
patents  covering  the  rotary  steam  engine.    At  the  present  time 
hundreds  of  men  are  spending  time,  energy  and  money  in  an 
(61) 


62  THE  NEBRASKA  BLUE  PRINT. 

endeavor  to  create  a  practical  engine  of  this  type.  In  February 
of  1907  a  rotary  engine  was  sent  to  the  Mechanical  Engineering 
Laboratory  at  the  University  of  Washington,  for  a  steam  con- 
sumption test.  The  accompanying  drawing  is  a  view  of  the 
engine  with  the  cylinder-head  removed  from  the  high-pressure 
cylinders  and  will  illustrate  the  principle  of  operation. 

When  steam  is  admitted  through  the  steam  pipe  it  exerts 
a  pressure  on  surfaces  E.  The  pressure  on  the  surfaces  F  and 
H  is  the  same.  The  pressure  on  surface  C  is  atmospheric.  We 
now  have  an  unbalanced  pressure,  which  is  equal  to  the  steam- 
pipe  pressure  less  atmospheric  pressure,  acting  in  the  direction 
of  the  arrows.  If  we  have  a  continuous  steam  supply  we  will 
have  a  constant  effort  producing  rotation  of  the  shaft  in  the 
direction  as  indicated.  The  pipes  B  lead  to  the  top  of  the  low- 
pressure  cylinders,  where  we  have  an  action  simliar  to  the  one 
described  above. 

It  will  be  noted  that  the  high  pressure  cylinders  have  two 
exhausts;  a  preliminary  exhaust  into  the  low-pressure  cylinders 
and  a  final  exhaust  to  the  atmosphere.  The  low-pressure  cylin- 
ders have  only  the  one  to  the  atmosphere.  The  pistons  are  kept 
in  their  correct  relative  post  ions  by  means  of  gears  on  the  piston 
shafts  outside  the  cylinders. 

As  delivered  at  the  laboratory  this  engine  represented  an 
outlay  of  about  $1,200.  Here  are  the  claims  of  the  inventor: 
No  valves ;  no  dead-points ;  no  vibration ;  compactness ;  by  the 
addition  of  the  low-pressure  cylinders  the  steam  is  used  ex- 
pansively. The  engine  should  develop  about  30  brake  horse- 
power and  the  steam  consumption  should  compare  favorably 
with  the  best  Corliss  engine  results. 

STEAM   CONSUMPTION  TESTS. 

Duration  of  tests 1  hour 

Diameter  of  cylinders 7.5  inches 

Distance  between  centers  of  pistons 12  inches 

Length  of  high-pressure  cylinders 4  inches 

Length  of  low-pressure  cylinders 8  inches 

Throttling  governor. 

Alden  absorption  dynamometer. 

Length  of  brake  arm x  7-375  inches 

Weight  of  brake 8  pounds 
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Test  number I  2  3 

Gauge  pressures: 

Steam  pipe   90.0  95.0  95.0 

High  pressure  cylinders 80.0  55.0  6.0 

Low  pressure  cylinders 25.0  11.0  0.0 

Exhaust    0.0  0.0  0.0 

Wet  steam   (pounds) 1272.0  1030.0  300.0 

Quality  of  steam 0.99  0.97  1 .00 

Dry  steam  (pounds) 1259.0  999-0  300.0 

Revolutions  per  minute 950.0  758.0  758.0 

Gross  load  on  scales  (pounds)...     50.0  53-°  0.0 

Net  load  on  scales  (pounds) 42.0  45 .0  0.0 

Brake  horse-power    ,11.0  9.4  00 

Dry   steam   consumed    per  brake 

horse-power  per  hour 1*4-5  106. 1  0.0 

In  an  endeavor  to  locate  the  cause  of  this  large  steam  con- 
sumption the  following  tests  were  run : 

LEAKAGE  TESTS. 

Duration  of  tests 1  hour 

Kngine  locked  in  position.  (The  position  of  the  rotating  parts 
was  changed  from  time  to  time  so  that  the  results  obtained 
would  be  a  fair  measure  of  the  leakage  under  operating  con- 
ditions.) 

Test  number  2a  -  3a 

Gauge  pressures: 

High  pressure  cylinders 55.0  6.0 

Exhaust    0.0  0.0 

Leakage — wet  steam    (pounds) 432.0  102.0 

Quality  of  steam 0.97  1 .00 

Leakage — Dry  steam  (pounds) 419.0  102  o 

Comparing  tests  numbers  2  and  2a  it  is  found  that,  provided 
there  had  been  no  leakage,  the  dry  steam  consumption  would 
have  been  61.7  pounds  per  brake  horse-power  per  hour.  In 
order  to  more  readily  compare  these  results  with  those  given 
in  tests  on  a  reciprocating  engine  the  mechanical  efficiency  was 
assumed  to  be  65  per  cent. 

It  will  be  noted  that  the  design  of  this  engine  was  such  that 
the  live  steam  could  not  be  prevented  from  blowing  into  the 
bearings.  On  comparing  the  results  of  the  several  tests  and 
observing  the  actual  operation  of  the  engine  this  was  considered 
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a  fair  value.  The  probable  indicated  horse-power  is  9.4,  divided 
by  0.65,  or  14.46.  The  probable  dry  steam  consumption  per 
indicated  horse-power  per  hour  is  (provided  there  is  no  leak- 
age) 40.4  pounds.  Under  actual  running  conditions  the  probable 
dry  steam  consumption  per  indicated  horse-power  per  hour  is 
69.08  pounds. 

Having  noted  the  actual  performance  of  the  engine  as  shown 
in  the  tests,  let  us  now  take  up  the  inventor's  claims  in  the  order 
of  statement  and  see  if  they  still  hold  good.  The  first  two 
claims  are  allowed,  since  they  are  self-evident  from  the  con- 
struction of  the  engine.  The  third  claim  is  disputed  from  the 
fact  that  the  operation  of  the  engine  itself  disclosed  the  fact 
that  there  was  a  considerable  amount  of  vibration  and  also  a 
continuous  noise  which  proved  to  be  very  annoying.  By  a  proper 
design  and  a  careful  balancing  of  the  pistons  the  vibration 
might  be  reduced  but  we  should  hardly  expect  from  the  shape 
of  the  pistons  and  the  use  of  gears  at  this  speed  that  the  noise 
could  be  reduced  very  much. 

The  next  claim  of  the  inventor  was  the  compactness  of  the 
engine.     Let  us  see  what  we  have: 

The  rotary  engine  occupies  7  square  feet  of  floor  space. 
Square  feet  of  floor  space  required  per  brake  horse-power  is  7 
divided  by  9.4,  or  0.74.  Weight  of  rotary  engine  is  750  pounds. 
Weight  per  brake  horse-power  is  750  divided  by  9.4,  or  80 
pounds.     Height  of  rotary  engine  is  about  2  feet. 

Tn  our  laboratory  we  have  a  steam  turbine  which  has  actually 
developed  more  than  7  brake  horse-power  under  test.  The 
steam  turbine  occupies  3.5  square  feet  of  floor  space.  Square 
feet  of  floor  space  required  per  brake  horse-power  is  3.5  divided 
by  7,  or  0.50.  Weight  of  steam  turbine  is  375  pounds.  Weight 
per  brake  horse-power  is  375  divided  by  7,  or  53.6  pounds. 
Height  of  steam  turbine  is  about  2  feet. 

Taking  into  account  these  results  we  will  have  to  dispute 
the  fourth  claim. 

The  fifth  claim  is  that  the  low-pressure  cylinders  use  steam 
expansively. 

If  we  turn  back  to  our  drawing  it  will  be  noted  that  if  the 
steam  in  the  high-pressure  cylinders  is  exhausted  directly  into 
the  atmosphere  the  pressure  when  the  exhaust  opens  would  be 
the  same  as  the  pressure  in  the  steam  pipe.  By  adding  the  low- 
pressure  cylinders  and  the  pipes  B  this  is  what  we  actually  do: 
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We  have  one  volume  filled  with  steam  at  a  certain  pressure. 
Suppose  this  pressure  is  70  pounds  absolute.  We  suddenly  in- 
crease this  volume  by  adding  two  volumes  in  which  the  pressure 
is,  say,  20  pounds  absolute.  The  result  is  that  the  pressure 
suddenly  drops  to  36.7  pounds  absolute.  We  would  now  have 
a  pressure  of  36.7  less  14.7  or  22  pounds  acting  to  produce 
rotation  in  the  low-pressure  cylinders.  It  is  true  then  that  we 
have  gained  some  power  by  the  use  of  the  low-pressure  cylin- 
ders and  have  produced  an  effect  similar  to  that  obtained  by 
the  use  of  steam  expansively;  but  if  we  had  a  true  expansion 
we  should  have  an  initial  pressure  of  70  pounds  absolute  in 
the  low-pressure  cylinders,  which  would  gradually  decrease  to 
36.7  pounds  absolute.  It  will  be  noted  that  the  turning  effort  in 
this  case  would  be  considerably  in  excess  of  that  actually  brought 
about  by  the  action  of  the  engine.  The  results  of  the  tests  will 
dispose  of  the  claims  in  regards  to  the  horse-power  and  steam 
consumption. 

It  will  be  noted  that  in  all  these  comparisons  the  data  as 
obtained  in  the  second  test  is  used,  while  the  first  test  actually 
shows  a  greater  brake  horse-power.  This  may  be  explained 
from  the  fact  that  it  was  found  to  be  nearly  impossible  to  keep 
the  engine  in  operation  for  an  hour  under  the  load  and  at  the 
speed  used  in  the  first  test.  The  first  difficulty  arose  from  the 
fact  that  the  packing  rings  (marked  A  in  the  drawing)  allowed 
steam  to  leak  past  them  and  so  get  into  the  bearings.  All  avail- 
able lubricants  were  used,  but  still  the  bearings  would  not  run 
cool.  Finally,  after  working  about  a  day,  we  succeeded  in 
keeping  the  engine  running  by  supplying  a  constant  stream  of 
oil  to  the  bearings  and  allowing  water  to  flow  over  their  outside 
surface.  Just  about  this  time  one  of  the  packing  strips  (marked 
S  in  the  drawing)  broke.  The  engine  acted  as  if  it  were  going 
to  pieces.  It  was  shut  down  at  once  and  a  half  a  day  was  spent 
in  making  repairs.  Under  these  trying  difficulties  the  first  test 
was  run.  We  then  decided  that  it  would  be  absolutely  impossible 
to  operate  the  engine  under  these  conditions,  so  the  speed  of  the 
engine  was  cut  down  to  about  760  r.  p.  m.  The  other  tests  were 
run  at  this  speed  and,  while  the  difficulties  were  not  entirely 
eliminated,  it  was  thought  that  it  might  be  possible  to  operate  the 
engine  at  this  speed. 

From  the  foregoing  it  will  be  seen  that  the  main  difficulties 
were  excessive  steam  leakage  and  excessive  heating  of  bearings. 
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By  a  proper  design  this  latter  difficulty  could  be  entirely  over- 
come, so  that  we  will  only  consider  the  question  of  leakage. 

Going  back  to  our  drawing,  we  will  see  that  the  end  of  each 
piston  carries  a  packing  ring  A  and  three  packing  strips  K. 
The  distance  passed  over  by  any  particle  on  this  ring  or  strip 
increases  as  its  distance  from  the  center  of  the  shaft  increases. 
This  means  that  even  if  it  were  possible  to  prevent  leakage  when 
the  parts  of  the  engine  were  new  it  would  be  only  a  question 
of  a  very  short  time  before  this  unequal  wear  would  allow  a 
leakage  of  the  steam  past  the  ends  of  the  pistons  and  into  the 
exhaust.  It  is  also  to  be  noted  that  we  may  have  a  leakage  past 
the  strips  S  and  a  leakage  between  the  pistons  and  in  the  ex- 
haust. 

Another  drawback  against  the  use  of  this  particular  type  of 
engine  would  be  the  fact  that  the  great  amount  of  bearing 
surface  in  the  cylinders  would  require  an  excessive  amount  of 
oil  for  their  proper  lubrication. 

It  is  not  to  be  assumed  that  this  particular  type  of  engine 
represents  the  most  economical  type  of  rotary  engine,  but  it 
serves  to  bring  out  the  great  practical  defect  of  them  all,  i.  e., 
inability  to  keep  the  steam  leakage  within  normal  limits. 

In  our  laboratory  we  have  a  Ball  engine  available  for  test 
purposes.  In  order  to  give  us  a  means  of  comparison  the  fol- 
lowing test  results  are  given : 

Duration  of  test I  hour 

Shaft  governor. 

Size  of  cylinders 8.5  inches  by  10  inches 

Revolutions  per  minute 283.0 

Gauge  pressures : 

Steam  pipe  77.9 

Exhaust    0.0 

Quality  of  steam 0.97 

Indicated  horse-power  33-2 

Brake  horse-power    28.4 

Mechanical  efficiency  (per  cent) 85 .8 

STEAM  CONSUMPTION. 

Wet  steam  per  indicated  horse-power  per  hour 36.08  pounds 

Dry  steam  per  indicated  horse-power  per  hour. . .  .35.00  pounds 

Wet  steam  per  brake  horse-power  per  hour 42.05  pounds 

Dry  steam  per  brake  horse-power  per  hour 40.77  pounds 
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Having  the  results  of  these  tests  before  us,  we  may  bring 
the  question  down  to  one  of  dollars  and  cents. 

Under  the  operating  conditions  in  our  power  plant  the  cost 
of  oversfeeing  and  attendance  would  be  the  same  in  both  cases, 
so  that  we  will  only  consider  the  cost  of  fuel. 

Repeated  tests  on  our  boilers  show  that  the  average  cost  of 
coal  for  evaporating  1,000  pounds  of  water,  from  feed  water' at 
32  degrees  into  steam  at  212  degrees  Fahrenheit  is  25  cents. 

On  this  basis  1,000  B.  t.  u.'s  represent  a  cost  of  0.025  divided 
by  1. 1466,  or  0.0218  cents. 

The  following  calculations  show  the  method  of  obtaining  the 
cost  of  fuel  per  brake  horse-power  per  hour  in  the  rotary  engine. 

Steam  at  55  pounds  gauge  pressure  and  97  per  cent  dry  con- 
tains 1,147  B.  t.  u.'s.  Total  B.  t.  u.'s  furnished  to  the  engine  per 
hour  is  1,030  times  1,147,  or  1,181,410.  Total  cost  of  fuel  per 
per  hour  is  1,181.41  times  0.0218,  or  25.75  cents.  Cost  of  fuel 
per  brake  horse-power  per  hour  is  25.75  divided  by  9.4,  or  2.74 
cents.  Cost  of  fuel  per  indicated  horse-power  per  hour  is  2.74 
times  0.65,  or  1.78  cents.  Continuing  our  calculations  and  ex- 
pressing the  results  in  tabular  form,  the  cost  of  fuel  in  cents 
is  as  follows: 

Under  actual  operating  conditions. 

Rotary  engine  : 

Per  indicated  horse-power  per  hour 1 .78 

Per  brake  horse-power  per  hour 2.74 

Reciprocating  engine: 

Per  indicated  horse-power  per  hour 0.91 

Per  brake  horse-power  per  hour 1 .06 

Provided  there  had  been  no  leakage. 

Rotary  engine : 

Per  indicated  horse-power  per  hour 1 .03 

Per  brake  horse-power  per  hour 1 .  59 

In  order  to  bring  out  this  question  of  cost  still  more  forcibly, 
let  us  continue  the  investigation  one  step  further. 

Suppose  we  had  a  plant  in  which  we  carried  a  constant  load 
of  200  brake  horse-power  for  10  hours  a  day  and  300  days  in 
the  year,  and  that  both  classes  of  engines  would  have  the  same 
steam  consumption  as  that  given  in  the  tests. 
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The  cost  of  fuel  for  operating  the  plant  would  be : 

Reciprocating  engine  $6,360.00 

Rotary  engine  16,440.00 

This  may  be  divided  as  follows: 

Reciprocating  engine : 

Provided  there  was  no  friction 5460.00 

Friction  cost 900.00 

Rotary  engine: 

Provided  there  was  no  friction  or  leakage 6,180.00 

Friction  cost 3,360.00 

Leakage  cost  6,900.00 


SPECIFIC  REFLECTING  POWER  OF  SURFACES.* 

BY  O.  R.  MALLAT,  fOJ. 

The  object  of  the  investigation  from  which  the  following 
data  were  derived  was  a  determination  of  the  candle  power  de- 
livered at  various  angles,  by  a  reflecting  surface  of  definite  area 
illuminated  by  light  received  from  a  direction  normal  to  this 
surface.  Professor  Morse  has  suggested  the  term  "specific  re- 
flectivity" to  be  used  in  this  connection. 

In  general  the  means  employed  were  the  illumination  of  a 
surface  such  as  might  be  used  for  interiors  in  building  con- 
struction or  decorations.  The  dimensions  of  the  surface  under 
test  were  approximately  four  by  five  inches.  The  lamp  used  to 
illuminate  the  surface,  being  of  the  metallized  filament  variety, 
was  placed  at  a  distance  of  1.25  feet  from  the  tested  surface 
and  as  nearly  as  possible  in  a  line  at  right  angles  thereto  and 
passing  through  the  center.  It  was  necessary,  however,  to  de- 
flect the  source  of  illumination  a  little  below  the  desired  position, 
in  order  that  it  might  be  suitably  screened  from  the  spot-box 
of  the  photometer  and  still  permit  the  reflected  light  from  the 
surface  under  test  to  pass  over  it  into  the  photometer  spot-box. 

The  relation  between  the  source  of  light  and  the  illuminated 
surface  was  rigidly  maintained,  both  being  mounted  on  the  same 
frame,  which  was  arranged  to  be  rotated  through  a  horizontal 
angle,  about  a  vertical  axis  passes  through  the  center  of  the 
surface  under  test.  This  surface,  R,  was  inclined  toward  the 
source  of  illumination,  G,  sufficiently  to  place  the  spot-box  in 
the  vertical  angle  of  direct  reflection  when  the  horizontal  angle 
was  o  degrees.     (See  Fig.  1.) 

The  photometer  used  was  a  Lummer-Brodhun  of  the  Reichs- 
anstalt  pattern.  A  Hall  carbon  fiilament  lamp  was  standard- 
ized with  a  standard  lamp,  so  that  with  a  voltage  of  81.8  its 
candle  power  was  2.47  British  units.  This  intensity  had  to  be 
made  low,  because  of  the  low  reflecting  power  of  some  of  the 
surfaces  used.  The  Gem  lamp  used  to  illuminate  the  surface 
under  test  was  also  standardized,  to  51.6  C.  P.  at  112.8  volts. 

*  From  a  thesis  prepared  by  Messrs.  O.  R.  Mallat  and  C  B.  Duer  in  the 
Department  of  Electrical  Engineering  at  the  University  of  Nebraska. 
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Again  referring  to  the  figure  which  shows  the  arrangement 
of  the  apparatus : 

L  =  Standard  lamp. 

G  =  Illuminating  lamp. 

S  =  Spot-box. 

R  =  Reflecting  surface. 

A  =  Distance  from  standard  lamp  to  spot-box. 

B  =  Distance  from  illuminated  surface  to  spot-box. 

Readings  were  taken  every  10  degrees,  from  o  degrees  where 
reflected  illumination  was  a  maximum  to  90  degrees  where  it 
was  zero. 

The  results,  as  plotted  in  the  accompanying  curves,  have 
been  reduced  to  the  standard  condition  of  the  candle  power  de- 
livered by  one  square  inch  of  the  illuminated  surface  under 
test,  illuminated  by  an  intensity  of  one  candle  foot,  based  on 
the  standard  British  candle.     (See  Fig.  2.) 

As  an  example  of  the  calculations  employed,  one  observation 
gave  A  =  168,  and  B  =  132,  when  a  balance  was  obtained  be- 
tween the  247  C.  P.  shed  by  the  standard  lamp  L,  and  reflected 
light  received  from  the  surface  R.  The  candle  power  received 
from  R  was  accordingly  fbund  to  be  1.52  C.  P.  The  surface  R 
contained  21  square  inches,  hence  the  candle  power  reflected 
per  square  inch  =  1.52 -5- 21  =  .0724.  The  source  of  light,  G, 
being  of  51.6  C.  P.  intensity,  and  its  distance  from  R  being  1.25 
feet,  the  candle  foot  illumination  on  R  was  51.6  -§-  (1.25)*  =  33. 
Therefore  the  candle  power  per  square  inch  from  the  illuminated 
surface  per  candle  foot  of  illumination  is  seen  to  be  .0724  -*-  33, 
or  .00219  for  that  particular  angular  position  in  which  R  was 
placed. 

The  surfaces  tested  were: 

1.  Smooth,  white  paper  with  an  unglazed  surface. 

2.  Creamy,  white  typewriter  paper. 

3.  White  Damascus  bond  paper. 

4.  Dark  reddish-brown  paper,  like  pebble  finish,  except  that 

pebbles  are  concave. 

5.  Light  yellow  paper  bordering  on  lemon,  with  watered-silk 

effect,  the  waterings  produced  by  smooth,  shiny  surfaces. 

6.  Plain  white  surface.     Glossy  paper  with  slightly  creamish 

tint. 

7.  Robin's  egg  blue  paper  with  small  embossed  flowers  and 

vines  on  slightly  pebble  finish  ground. 
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8.  Yellowish  orange  paper,  plain  surface,  dull  finish. 

9.  Brown  paper  with  suggestion  of  orange,  plain,  dull  finish. 

10.  Bright  pink  paper,  plain  surface,  glossy. 

11.  Black  paper,  dull  surface  embossed  with  lines  like  wrinkled 

surface  of  an  elderly  person's  hand. 

12.  Scarlet  paper,  plain  surface,  dull  finish. 

13.  Light  brown  paper,  plain  surface,  glossy  finish. 

14.  Dark  scarlet  paper,  plain  surface,  glossy  finish. 

15.  Bright,  medium-shade  green  paper,  dull  surface,  embossed, 

with  ground  of  parallel  lines  in  one  direction,  with  fleur 
de  lis  and  lines  in  opposite  direction. 

16.  Dark  green  linen  window  shade,  painted  surface. 

17.  Cream  linen  window  shade,  painted  surface. 

18.  White  linen  handkerchief. 

19.  Soft-pine  wood,  unvarnished,  sand-papered  smooth. 

20.  Soft-pine  wood,  varnished,  with  three  coats  of  shellac. 

21.  Olive  linen  window  shade,  painted  surface. 

22.  Rough,  felted,  blue-gray  paper,  dull  surface. 

23.  Wall  paper,  light  blue,  plain  dull  surface  as  ground,  with 

brightly  reflecting  spangles  spread  over  it  and  figures 
consisting  of  chalky-white  flowers,  with  dark  blue,  thin 
and  curved  leaflets. 

24.  Dark  scarlet,  felted  paper,  plain,  dull  finish. 

25.  Ceiling  paper.    Dark  cream  or  light  buff,  felted,  plain,  dull 

surface  as  ground,  with  several  lines  of  brightly  reflecting 
spangled  surfaces. 

26.  Dull  pink  wall  paper,  felted,  plain  surface. 

27.  Wall  paper,  with  very  light  brown  ground,  covered  with 

large  figures,  in  which  dark  blue,  black  and  maroon  prevail. 

28.  Similar  to  No.  25,  except  having  darker  buff  or  yellowish 

ground. 

29.  Very  light  olive  painted  linen  window  shade. 

30.  Dark  olive  painted  linen  window  shade. 

31.  Reddish-brown  painted  linen  window  shade. 

32.  Dark  buff  or  light  yellow  painted  linen  window  shade. 

33.  Very  dark  olive-green  painted  linen  window  shade. 

34.  Medium-shade  blue  painted  linen  window  shade. 

35.  Grayish-white  painted  linen  window  shade. 

36.  Dark  green  painted  linen  window  shade. 

37.  Drab  painted  linen  window  shade. 

38.  Plaster  of  Paris,  ordinary  finish. 
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39.  Plaster  of  Paris,  sand-papered. 

40.  Mirror. 

41.  Ground  glass,  rough  side. 

42.  Plain  window  glass. 

43.  Chipped  glass. 

The  curves  exhibit  in  a  marked  degree  the  relative  effect 
of  direct  and  indirect  or  diffused  reflection.  At  only  one  position 
was  the  photometer  screen  in  the  angle  of  direct  reflection,  which 
which  the  curves  show  is  the  axis  of  symmetry.  For  strongly 
reflecting  surfaces,  such  as  white  paper,  yellowish,  orange  paper, 
plaster  of  Paris  and  a  mirror,  this  position  is  marked  by  sharp 
augmentation  of  the  light  delivered  by  the  reflecting  surface,  as 
indicated  by  the  pointed  effect  in  the  curves  referred  to. 

As  the  foregoing  curves  are  plotted  to  different  scales,  on 
account  of  the  varying  intensities,  the  relative  magnitude  of  the 
light  reflected  from  various  sources  is  not  easily  apparent.  The 
figure  on  page  71  exhibits  curves  from  white  paper  (No.  1), 
scarlet  paper  (No.  14),  green  window  shade  (No.  16),  and  plain 
window  glass  (No.  42),  drawn  to  the  same  scale  and  super- 
imposed. 

This  investigation  was  suggested  through  an  appreciation  of 
the  meaninglessness  of  any  possible  co-efficient  of  diffused  re- 
flection, in  the  absence  of  knowledge  as  to  the  extent  of  area 
involved.  By  reference  to  the  data  given  it  should  be  possible 
to  treat  each  elementary  strip  of  an  illuminated  wall  as  an 
original  source  of  light,  presuming,  of  course,  that  the  degree  of 
illumination  shed  upon  it  is  known. 


REFLECTING  POWER  OF  SURFACES. 
ffo.t.  ffo.l 


Scale  I"  =  .0018  C.  P.  Scale  1"  =  .0018  C  P. 


Scale  1"  =  .0018  C  P.  Scale  1"  =  .00018  C.  P. 


?6  THE  NEBRASKA  BLUB  PRINT. 

/U.S.  fh  £ 


Scale  i"  =  .0018  C  P.  Scale  1"  =  .0018  C  P. 


Scale  I"  =  .0009  C.  P.  Scale  1"  =  .0018  C  P. 


REFLECTING  POWER  OF  SURFACES. 
ffo.  <f  ffo.  to. 


Scale  i"  =  .00036  C.  P.  Scale  1"  =  .0018  C.  P. 

fh.lt.  /U.I*. 


Scale  1*  =  .00018  C  P.  '  Scale  1"  =  .00036  C.  P. 


78  THE  NEBRASKA  BLUB  PRINT. 


Scale  I"  =  .0009  C.  P.  Scale  1"  =  x»i8  C  P. 


Scale  I"  =  .000360.  P.  Scale  1"  =  .00018  G  P. 


REFLECTING  POWER  OF  SURFACES. 
Ih47.  /U/3 


Scale  i*  =  .0018  C.  P. 


THE  NEBRASKA  BLUE  PRINT. 


Scale  i*  =  .00036  C  P.  Scale  1"  =  :0007a  C  P. 


Scale  1"  =  .0009  C.  P.  Scale  1"  =  .00036  C  P. 


REFLECTING  POWER  OF  SURFACES. 


Scale  i"  =  .0018  C.  P.  Scale  1"  =  .00072  C.  P. 


fo.Zt  f?m.Z8. 


Scale  I"  =  M036  C.  P.  Scale  1"  =  .0018  C  P. 


THE  NEBRASKA  BLUB  fSINT. 


Scale  i'  =  .oooqC  P.  Scale  i"  =  .0W3sG  P. 

1:3/.  *&  3*. 


Scale  I"  =  .00036  C.  P.       ""  Scale  1"  =  .0018  C  P. 


REFLECTING  POWER  OF  SURFACES.  83 

/W3  /rw- 


Scale  1"  =  .00018  C.  P.  Scale  r*  =  .00018  C  P. 


Scale  1"  =  .0018  C  P.  Scale  1"  =  .00018  C  P. 


84  THE  NEBRASKA  BLUE  PRINT. 


Scale  i*  =  .00036  C.  P.  Scale  i"  =  .0018  G  P. 


Scale  1"  =  .0018  C.  P.  Scale  i"  =  .036  C  P. 


REFLECTING  POWER  OF  SURFACES.  85 


Scale  1"  =  .00036  C.  P.  Scale  1"  =   0036  C  P. 


Scale  1"  =  .0009  C.  P. 


A  STUDY  OF  SHEAR  MEMBERS  IN  REINFORCED 
CONCRETE  BEAMS.* 

BY  CLARK   E.    MICKEY,  '08,  * 

lottrnctor  Id  Applied  Mechanic*. 

The  simplest  form  of  reinforced  concrete  beam  construction 
is  one  in  which  the  compressive  stresses  are  taken  by  the 
concrete  and  the  majority  of  the  tensile  stresses  by  the  rein- 
forcing material.     This  principle,  of  equalizing  the  compressive 
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and  tensile  strength  in  concrete  beams  by  employing  high  tensile 
strength  materials  in  that  portion  of  the  beam  which  is  subject 
to  tensile  stresses,  was  used  as  early  as  1871,  at  which  time  a 
house  of  reinforced  concrete  was  built  in  Port  Chester,  N.  Y. 
The  real  impetus,  however,  to  this  new  form  of  construction  was 
given  by  Mr.  Ernest  L.  Ransome  in  1897-8,  when  he  designed 
*  Part  of  a  thesis  by  G.  A.  Crook,  C.  G.  Hrubesky  and  Clark  E.  Mickey. 
(86) 
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and  built  two  reinforced  concrete  factory  buildings  for  the  Pacific 
Coast  Borax  Refinery. 

The  present  knowledge  of  the  behavior  of  reinforced  concrete, 
when  subjected  to  tests,  has  led  to  the  adoption  of  various  forms 
of  reinforcements,  each  having  some  particular  advantage.  Any 
form  of  construction  which  employs  the  steel  for  tensile  and 
shearing  (sometimes  called  diagonal  tension)  stresses  and  the 
concrete  for  compressive  stresses,  if  properly  designed,  will  give 
excellent  results  in  practice. 
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The  object  of  this  series  of  tests  was  to  observe  and  compare 
the  behavior  and  results  of  reinforced  concrete  beams,  when 
tested  to  destruction,  with  two  distinct  types  of  shear  reinforce- 
ments. 

First :  Plain  tension  rods  with  loose  shear  members  placed 
vertically  and  also  inclined  at  45  degrees  from  the  center. 

Second:  Similar  tension  rods  with  rigidly  attached  shear 
members  placed  vertically  and  also  inclined  at  45  degrees  from 
the  center. 
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In  other  words,  to  determine  the  difference  in  results  when 
either  loose  shear  members  are  used,  both  in  the  vertical  and 
inclined  positions,  or  when  rigidly  attached  shear  members  are 
used,  both  in  the  vertical  and  inclined  positions. 

The  steel  employed  was  all  of  the  same  quality  and  of  the 
same  quantity  in  the  beams  to  be  compared,  the  only  variation 
being  in  the  type  and  positions  of  the  shear  members.  The 
usual  Kahn  reinforcing  bar  was  used  with  the  flanges  sheared 


for  the  rigid  shear  members  and  sheared  off  to  furnish  material 
for  the  loose  shear  members. 

The  beams  were  made  in  two  lengths  and  two  cross  sections, 
as  will  be  noticed  from  the  figures  showing  the  types  of  rein- 
forcement. They  were  all  moulded  and  stored  out  of  doors. 
A  level  place  was  prepared  by  using  sand  and  gravel  for  ballast, 
and  the  forms  were  then  set  up  over  a  i"  x  12"  piece  of  lumber. 
The  forms  were  of  dressed  white  pine  and  gave  very  little  trouble 
from  undue  warping.  They  were  built  so  that  they  could  easily 
be  removed  from  the  beams  and  set  up  for  another  beam.  The 
concrete  was  mixed  by  hand  with  shovels.     All  materials  were 
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measured  by  loose  volume  and  in  the  proportions  of  1:2:4.  The 
cement  and  sand  were  thoroughly  mixed  before  adding  the 
stone,  then  the  whole  was  mixed,  water  being  added,  and  the 
mixture  turned  until  it  had  uniform  consistency.  The  concrete 
was  wet  enough  to  cause  the  water  to  flush  to  the  surface  after 
being  well  tamped  in  the  forms.  A  4"  x  4"  cube  was  moulded 
from  the  same  mixture.  The  beams  were  kept  wet  and  protected 
for  the  first  four  or  five  days  and  sprinkled  every  few  days  after 
the  forms  were  removed. 

The  arrangement  of  the  testing  apparatus  is  fully  illustrated 
by  the  accompanying  figure.  Two  13-foot  x  12-inch  I-beams 
were  placed  upon  the  weighing  table  of  a  200,000-pound  Riehle 
testing  machine,  and  directly  upon  these  rested  the  edges  which 
supported  the  test  beams.  All  of  the  test  beams  were  loaded 
at  the  one-third  points,  the  load  being  transferred  from  the 
machine  by  two  80-pound  steel  rails  with  a  ij^-inch  roller 
above  and  two  2-inch  rollers  below.  Steel  bearing  plates  of 
Yz  x  3-inch  material  were  used  above  and  below  the  test  beams 
for  the  bearing  of  rollers  and  supports. 

The  loads  were  applied  at  the  slowest  speed  of  the  machine, 
the  increase  of  deflection  averaging  about  .15  inch  per  minute. 
The  loads  were  increased  by  increments  of  1,000  pounds  and 
the  beams  were  all  tested  to  destruction  in  order  that  the  method 
of  failure  could  be  observed  and  photographed. 

The  arrangement  for  observing  the  deflections  was  as  fol- 
lows: Two  knife-edges  1  inch  high  were  placed  on  top  of  the 
I-beams  and  vertically  over  the  edges  of  the  weighing  table  of 
the  testing  machine,  as  these  points  were  points  of  zero  deflection 
of  the  I-beams.  Upon  these  knife  edges  a  J^  x  3  x  48-inch  steel 
bar  rested  and  served  as  the  deflectometer  support.  This  was 
a  Reihle  instrument  and  graduated  to  read  accurately  to  .001 
inch.  The  end  deflections  of  the  I-beams,  due  to  load  on  the 
test  beams,  was  observed  directly  under  each  support  by  means 
of  a  micrometer  caliper  which  read  accurately  to  .001  inch.  This 
instrument  was  adjusted  between  fixed  points  of  the  I-beams 
and  a  nail  head  in  a  4  x  4-inch  post  rigidly  attached  to  the  floor 
directly  under  each  support.  It  is  obvious  at  once  that  the  true 
deflection  of  the  concrete  test  beam,  at  the  middle  of  the  span, 
is  obtained  by  subtracting  the  mean  of  the  two  end  deflections 
of  the  I-beams  from  the  deflection  as  read  from  the  deflectometer. 
This  true  deflection  was  used  for  the  abscissa  in  plotting  the 
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ordinary  load — deformation  diagrams.  This  novel  feature  of 
eliminating  the  error  due  to  the  deflection  of  the  I-beams  was 
very  simple  and  proved  to  give  the  very  best  of  satisfaction  in 
all  of  the  tests.  No  attempt  was  made  to  locate  changes  of 
position  of  the  neutral  axis  of  the  test  beams  under  different 
loads,  as  this  element  was  not  included  in  the  original  outline 
of  the  work. 

Comparison  of  results :  The  table  showing  the  comparison 
of  results  has  been  arranged  to  illustrate  the  comparative  stiff- 


ness  of  the  test  beams  rather  than  attempt  to  compare  the 
strengths  from  the  maximum  loads  observed.  In  order  to  ac- 
complish this  purpose  an  elastic  line  was  drawn  on  the  ordinary 
load-deflection  curve.  From  this  line  the  actual  deflection  at 
15,000  pounds  was  observed,  which  appears  in  the  seventh  col- 
umn of  the  table.  The  corrected  deflection,  eighth  column,  was 
obtained  by  moving  the  origin  of  the  curve  until  the  elastic  line 
would  pass  through  it.  The  relative  deflection,  ninth  column, 
was  found  by  multiplying  the  corrected  deflection  of  the  eight- 
foot  span  test  beams  by  1.955  (the  ratio,  of  the  cubes  of  the 
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two-span  lengths)  and  by  recording  the  corrected  deflections  for 
the  ten-foot  spans,  thus  reducing  all  the  deflections  to  the 
values  that  would  have  been  observed  if  the  beams  were  all  of 
ten-foot  span  lengths. 

It  will  be  noticed,  by  referring  to  the  last  column  of  the 
table,  that  all  of  the  deeper  beams  of  small  cross-section  (Nos. 
i,  2,  3  and  4)  failed  by  diagonal  shear,  which  seems  to  indicate 
that  the  reinforcement  was  not  sufficient,  especially  in  the  shear 
members.  The  majority  of  the  large  cross-section  beams  (Nos. 
5,  6,  8,  9  and  1.1)  failed  by  compression,  the  failure  in  beam 
No.  9  being  due  to  both  shearing  and  crushing.  The  shearing, 
however,  was  its  principle  failure  and,  further,  this  was  the  only 
instance  where  the  diagonal  shearing  and  compressive  strengths 
of  a  beam  approached  equality.  Beams  Nos.  9  and  11  were  the 
only  ones  of  this  cross-section  that  exhibited  failure  by  diagonal 
shear. 

General  conclusions:  Since  all  of  the  deeper  cross-section 
beams  failed  by  diagonal  shear  and  both  of  the  8-foot  span 
lengths  of  the  large  cross-section  beams  failed  by  the  same 
method,  it  is  evident  that  the  diagonal  shearing  stress  increases 
directly  as  the  depth  and  as  the  length  of  same  is  decreased. 

Attached  and  loose  shear  members :  The  attached  shear  mem- 
bers gave  the  most  rigid  and  strongest  beams. 

Attached,  vertical  and  inclined :  The  beams  reinforced  with 
the  attached  inclined  gave  the  best  results  in  each  case. 

Loose,  vertical  and  inclined :  The  comparison  in  this  case  is 
very  difficult,  but  in  beam  No.  6  the  inclined  members  developed 
the  full  strength  of  the  concrete  in  compression.  This  was 
probably  due  more  to  the  length  of  the  span  than  to  any  other 
one  element.  The  hooked  ends  in  beam  No.  3  didn't  seem  to 
assist  the  shear  members. 

Finally  the  attached  inclined  members  gave  the  results  in 
every  way. 


GENERAL  FEATURES  OF  POWER  STATION  DESIGN. 

BY  I.  E.  BROOKE. 

The  general  problem  of  power  station  design  is  controlled  in 
almost  every  case  by  local  conditions.  There  are  very  few  in- 
stances where  a  design  for  one  location  under  a  given  set  of 
conditions  will  answer  for  another  location  or  set  of  conditions. 
There  is  perhaps  no  station  that  will  permit  what  might  be 
termed  ideal  design ;  local  conditions  generally  impose  limitations 
which  cannot  be  overcome  in  an  ideal  manner. 

The  first  problem,  of  choosing  a  site,  is  one  that  is  often  not 
given  the  proper  study,  being  governed  in  many  cases  by  a 
low  first  cost.  This  of  course  is  desirable,  but  in  some  instances 
a  free  site  is  more  expensive  than  one  costing  thousands  of  dol- 
lars. In  selecting  a  proper  site,  if  other  limiting  conditions 
permit,  it  is  well  to  choose  one  as  near  as  possible  to  the  center 
of  gravity  of  the  load,  or  at  least  so  that  the  increase  in  load 
will  tend  to  bring  it  nearer  this  center.  At  the  time  of  low 
voltage  distribution  this  point  was  a  very  important  one,  but 
with  the  present-day  high  voltage  systems,  where  the  transmis- 
sion losses  are  much  lower,  the  advantage  of  such  a  location  is 
not  so  great. 

The  question  of  providing  for  a  proper  supply  of  coal  and 
the  storing  and  handling  of  same  should  be  thoroughly  investi- 
gated. The  removal  of  ashes  is  one  of  the  things  that  is  often 
considered  too  late.  It  is  generally  advisable  to  have  a  location 
such  that  coal  can  be  brought  either  by  rail  or  water  and  the 
building  should  be  so  located  that  the  smallest  amount  of  handling 
or  conveying  apparatus  is  required.  In  large  stations  using  from 
600  to  1,200  tons  of  coal  per  day  the  question  of  providing 
sufficient  storage  for  a  reasonable  length  of  time  is  one  of  utmost 
importance.  Here  again  the  method  of  handling  coal  to  or  from 
storage  should  be  given  careful  consideration. 

In  some  of  the  more  recent  plants  engineers  have  realized  the 
value  of  storing  coal  under  water.  Tests  have  shown  that  when 
coal  is  stored  in  the  open  it  loses  from  2  to  10  per  cent  of  its 
heating  value,  while  in  under-water  storage  this  loss  is  inappre- 
ciable.   The  loss  in  most  cases  appears  to  take  place  during  the 
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first  five  months,  the  percentage  loss,  of  course,  depending  on 
the  kind  of  coal,  being  greatest  in  coals  containing  relatively 
high  amounts  of  volatile  combustible  matter.  After  a  very 
thorough  investigation  of  this  subject  the  Western  Electric  Com- 
pany provided  at  their  Hawthorne  plant  two  storage  bunkers, 
one  of  4,000  and  one  of  10,000  tons  capacity.  These  bunkers 
are  so  constructed  that  coal  can  be  dumped  directly  from  the 
car  into  them  and  then  the  entire  bunkers  flooded  with  water. 
An  additional  point  in  favor  of  under-water  storage  is  that 
spontaneous  combustion  is  effectively  taken  care  of,  while  coal 
stored  in  the  open  is  subject  to  this  undesirable  method  of  burn- 
ing. This  matter  of  efficiently  storing  coal  will  receive  more 
and  more  attention  as  the  available  supply  becomes  smaller. 

Next  to  the  problem  of  proper  coal  supply  and  storage  comes 
the  supply  of  water.  A  reliable  supply  of  cool  water  for  con- 
densing purposes  in  a  plant  of  any  size  is  recognized  as  an 
absolute  necessity,  and  this  point  alone  may  outweigh  all  others 
in  choosing  a  station  site.  Where  other  conditions  will  permit, 
the  station  should  be  so  located  that  the  cost  of  pumping  con- 
densing water  is  reduced  to  a  minimum. 

Provision  must  usually  be  made  for  keeping  out  foreign 
substances,  fish  or  floating  debris  in  the  water.  This  i9  generally 
taken  care  of  by  having  suitable  screens  at  the  intake,  and  these 
should  always  be  in  duplicate,  so  that  one  set  may  be  taken  out 
and  cleaned  while  the  others  remain  in  service.  A  supply  of 
good,  clean  water  as  free  as  possible  from  all  solid  matter  is 
desirable  for  boiler  feed. 

The  general  design  of  the  building  will  depend  upon  local 
conditions  and  the  value  of  real  estate.  If  building  property  is 
comparatively  inexpensive  then  the  plant  may  be  spread  out  to 
advantage,  but  where  land  is  valuable  it  may  prove  more  econom- 
ical to  build  "up,"  even  to  the  extent  of  double  decking  the 
boilers. 

Foundations  for  building  and  machinery  must  be  well  taken 
care  of,  and  especially  in  soft  ground  or  low  places  test  borings 
should  be  made  to  determine  the  nature  of  the  soiPbeneath  the 
surface.  In  localities  where  a  good,  firm  earth  is  not  obtainable 
a  very  satisfactory  foundation  is  often  made  by  driving  long 
piles  and  capping  them  with  a  block  of  concrete,  the  piles  having 
been  first  cut  off  below  the  moisture  line. 

The  advantage  of  having  plenty  of  room  around  the  turbines 
or  engines  and  boilers  is  obvious.     Wide  aisles  make  it  easier 
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to  remove  or  replace  machinery;  they  facilitate  making  repairs 
and  permit  the  station  or  apparatus  to  be  cleaned  in  a  better 
manner. 

The  general  arrangement  of  apparatus  should  be  given  care- 
ful study  in  each  particular  case,  as  a  great  deal  can  usually  be 
accomplished  by  careful  consideration  of  the  general  layout, 
especially  when  the  more  important  details  are  kept  in  mind. 
The  boiler  feed  pumps  are  now  generally  placed  in  the  engine 
or  turbine  room,  where  they  can  be  kept  clean  and  given  the 
proper  attention.  This  leaves  the  fireman  only  to  handle  the 
fires  and  boilers  and  look  after  the  steam  pressure.  In  plants 
where  a  large  number  of  boilers  are  installed  they  are  often  set 
back  to  back  with  a  wide  firing  space  between.  With  this  ar- 
rangement a  fireman  can  handle  a  large  number  of  boilers  with 
considerably  less  work. 

On  account  of  the  cost  of  maintenance  and  repairs  on  the 
type  of  conveyors  known  as  the  "continuous"  or  "overlapping 
bucket"  many  large  plants  have  installed  a  so-called  "unit" 
system  of  ash  and  coal  handling  apparatus.  This  system  usually 
consists  of  a  traveling  crane,  carrying  a  grab  bucket,  and  so  ar- 
ranged that  the  crane  bridge  travels  above  the  bunkers,  while 
the  crane  track  is  extended  so  that  the  bucket  can  pick  coal 
directly  out  of  a  car.  This  system  has  the  advantage  that  where 
bottom  dump  cars  are  not  available  that  a  second  crane  with 
grab  bucket  is  not  required  for  unloading  from  the  car. 

Where  ashes  are  handled  in  a  continuous  bucket  conveyor 
the  cost  of  maintenance  is  of  course  much  greater.  There  has 
recently  been  developed  and  put  on  the  market  a  pneumatic 
system  of  ash  handling  machinery  which  operates  much  the  same 
as  the  ordinary  pneumatic  tube  system.  This  system  has  not 
been  in  use  long  enough  to  get  much  data  on  the  cost  of  main- 
tenance, which  is  the  important  factor  in  ash  handling  equipment. 

The  capacity  of  the  coal  bunkers  is  determined  by  the  outside 
storage  plant  and  the  facilities  for  handling  from  this  supply. 
In  some  plants  of  recent  design  apparatus  has  been  installed  for 
weighing  the  coal  burned  under  each  boiler.  In  the  opinion  of 
the  writer  it  is  questionable  whether  this  expense  is  justifiable, 
except  perhaps  in  very  rare  cases.  However,  some  method  should 
be  provided  for  Weighing  the  coal  so  used,  at  stated  intervals, 
and  careful  records  should  always  be  kept  of  the  amount  of 
coal  burned  each  day. 
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The  question  of  selection  of  boilers  is  usually  one  of  size 
rather  than  type,  except  perhaps  in  small  plants.  The  advantages 
of  the  water-tube  boiler  are  too  well  known  to  be  repeated  here. 

Stokers  are  generally  a  good  investment  where  more  than 
four  or  five  boilers  are  installed,  but  they  are  often  handled  in 
a  way  which  will  not  produce  the  best  results.  The  selection 
of  stokers  should  be  governed  by  the  kind  of  fuel  available. 
Chain-grate  stokers,  while  having  many  advantages,  do  not  lend 
themselves  efficiently  for  a  sudden  demand  for  steam.  One  point 
that  is  sometimes  overlooked  in  the  installation  of  stokers  is  the 
correct  supply  of  air,  as  too  much  air  may  be  as  harmful  as  too 
little.  In  some  stokers  air  is  admitted  only  at  the  front  of  the 
grate  through  an  opening,  the  size  of  which  can  be  regulated, 
and  if  the  air  spaces  in  the  links  are  properly  designed  for  the 
kind  of  fuel  used,  this  scheme  should  give  satisfactory  results. 

In  steam  turbine  plants  the  superheater  is  considered  a  neces- 
sity as  well  as  an  efficient  piece  of  apparatus.  The  advantage  to 
be  gained  by  the  installation  of  economizers  is  questionable  in 
most  cases,  as  they  affect  the  draught  and  may  reduce  the  boiler 
output  at  a  critical  time. 

After  listening  to  a  lecture  in  the  college  class  room  by  a 
very  able  engineer  on  the  subject  of  forced  draught,  the  writer 
was  thoroughly  convinced  that  forced  draught  was  the  correct 
and  only  thing.  After  seeing  almost  all  of  the  large  power 
plants  build  expensive  stacks,  the  correctness  of  this  opinion  is 
now  somewhat  questionable. 

The  question  of  engines  versus  turbines  is  one  that  has 
received  a  great  deal  of  attention  and  brought  out  much  dis- 
cussion among  engineers  within  the  last  few  years.  For  large 
plants,  however,  most  engineers  are  willing  to  concede  that  the 
turbine  has  won  the  day.  The  advantages  of  the  steam  turbine 
may  be  pointed  out  briefly  as  follows:  the  lower  first  cost, 
smaller  number  of  moving  parts,  less  weight,  requires  less  space, 
the  absence  of  internal  lubrication,  excellent  regulation,  which 
means  uniform  speed  and  high  efficiency  at  part  load.  There 
are  also  the  advantages  that  the  turbine  is  suitable  for  a  high 
degree  of  superheat  and  that  the  condensed  steam  may  be  re- 
turned to  the  boilers.  The  latter  is  a  decided  advantage,  espe- 
cially where  good  feed  water  cannot  be  secured  economically. 
This  advantage  has  been  questioned  by  some  who  claim  that 
the  pure  water  thus  returned  to  the  boilers  would  rust  them. 
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It  is  well  known  that  pure  water,  containing  some  free  oxygen, 
will  attack  iron  very  rapidly;  however,  this  effect  has  not  been 
noticed  to  any  great  degree,  probably  because  with  the  high 
degree  of  vacuum  generally  maintained  in  steam  turbine  practice 
most  of  the  air  is  withdrawn. 

The  generating  apparatus  is  usually  selected  from  the  stand- 
point of  "total  efficiency"  rather  than  from  a  consideration  of  the 
efficiency  of  the  machine  itself.  As  generators  are  now  con- 
structed to  give  a  pressure  of  from  10,000  to  15,000  volts,  step-up 
transformers  may  be  dispensed  with  for  transmission  over  con- 
siderable distances.  The  load  factor  has  an  influence  on  the 
selection  of  equipment  which  is  often  not  given  due  considera- 
tion. Where  large  peaks  are  encountered  for  a  short  time  in 
the  year  or  for  a  short  period  during  the  day  it  may  not  be 
advisable  to  install  high  efficiency  apparatus  to  handle  this  part 
of  the  load.  The  increased  first  cost,  giving  a  large  interest 
charge  on  the  investment,  may  not  balance  the  loss  due  to 
inefficiency  for  a  short  period.  Under  such  conditions  it  will 
often  prove  more  economical  to  purchase  equipment  with  a  very 
much  larger  overload  capacity  than  is  usually  specified,  not 
aiming  at  high  efficiency  for  the  peak  load.  This  matter  of  the 
ratio  of  interest  on  investment  and  depreciation  to  the  operating 
cost  is  one  that  should  be  given  particular  consideration  in 
economic  station  design,  especially  in  stations  having  a  very 
low  load  factor.  In  any  plant  the  losses,  so  to  speak,  may  be 
classed  as  fixed  charges,  and  cost  of  maintenance  and  operation, 
and  when  these  two  are  equal  the  total  cost  per  unit  output  will 
be  the  least. 

If  there  is  any  one  thing  more  than  another  that  is  taking 
the  attention  of  the  steam  engineer  at  the  present  time,  that 
one  thing  is  the  exhaust  steam  turbine.  These  units  can  be 
installed  in  plants  where  reciprocating  engines  are  doing  good 
service  and  by  utilizing  the  exhaust  steam  from  the  engines 
effect  a  saving  of  from  50  to  65  per  cent,  when  a  high  degree 
of  vacuum  and  suitable  condensing  apparatus  are  used. 

In  the  selection  of  auxiliary  apparatus  the  question  of  re- 
liability should  be  paramount,  as  in  the  modern  turbine  stations 
most  of  the  trouble  is  experienced  with  the  auxiliary  apparatus. 
The  choice  of  steam  or  electrically  driven  auxiliaries  depends 
upon  the  system  of  operation  to  a  very  great  extent.  In  some 
plants  where  steam  auxiliaries  have  been  installed  it  is  claimed 
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that  better  station  economy  is  secured  on  account  of  the  exhaust 
steam  being  available  for  heating  feed  water.  The  cost  of 
steam-driven  auxiliaries  is  less,  but  they  have  the  advantage  of 
being  independent  of  the  generating  equipment  and  so  are  more 
reliable  in  case  of  electrical  disturbances.  In  plants  where  steam- 
driven  auxiliaries  are  used  the  degree  of  superheat  is  practically 
determined  by  the  satisfactory  lubrication  of  engine  cylinders. 
This  limitation  of  superheat  may  result  in  a  lower  efficiency  in 
the  turbine  unit  itself,  which  may  outweigh  the  inefficiency  of 
electrical  auxiliaries.  The  auxiliary  apparatus  should  be  in- 
stalled complete  for  each  unit,  but  should  be  interconnected  so 
that  they  can  be  used  for  the  adjacent  unit  if  necessary.  How- 
ever, in  a  large  plant  containing  many  units  it  is  unnecessary  to 
have  exciter  sets,  oil  pumps,  etc.,  for  each  unit. 

The  question  of  multiple  versus  independent  operation  of 
units  and  stations  is  one  well  worth  a  lengthy  consideration. 
Central  station  managers  are  giving  more  and  more  attention 
to  the  reliability  of  service,  and  so  the  engineer  has  to  give  more 
study  to  the  problems  involved  in  safety  and  continuity  of 
operation.  In  many  large  power  plants  the  unit  system  has  been 
adopted  throughout.  The  extent  to  which  this  system  should 
be  carried  depends  upon  the  relative  importance  of  keeping 
every  unit  in  service.  Where  there  are  only  two  or  three  units 
and  all  are  needed  for  the  peak  load  it  is  well  to  provide  cross 
connections,  both  on  the  steam  and  electrical  sides,  so  that  one 
unit  could  be  run  from  any  or  all  the  boilers  and  all  feeders 
from  any  or  all  generators.  As  the  number  of  units  is  increased 
so  that  any  one  particular  unit  is  not  so  large  a  part  of  the  total 
installation,  this  precaution  of  interconnection  may  be  provided, 
but  to  a  lesser  degree.  In  fact,  cross  connections  may  be  dis- 
pensed with  entirely,  making  each  unit  a  separate  and  complete 
plant  in  itself.  The  argument  for  this  type  of  station  is  that 
it  is  not  possible  to  make  a  mistake  in  making  cross  connections 
between  units  which  might  disable  the  entire  plant.  On  the  other 
hand,  it  does  not  seem  economical  to  shut  down  a  large  unit  on 
account  of  the  failure  of  some  minor  auxiliary  apparatus.  There 
should  be  a  medium  between  absolute  isolation,  where  the  failure 
of  a  small  part  may  shut  down  the  entire  unit  on  the  one  hand 
and  where  the  wrong  manipulation  of  complex  cross  connections 
would  shut  <iown  the  entire  plant  on  the  other  hand. 

A  prominent  engineer  has  criticised  the  building  of  one  very 
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large  power  plant  in  place  of  two  smaller  ones.  The  advantages 
of  one  large  power  plant  are:  economy  of  fuel,  smaller  floor 
space  per  kilowatt  installed,  less  first  cost  and  economy  of 
operation.  The  disadvantage  is  of  course  the  crippling  of  an 
entire  system  if  the  other  stations  cannot  carry  the  overload 
brought  on  by  disabling  one  station.  Where  continuity  of  service 
is  important  and  power  is  generated  in  large  quantities  it  is 
generally  better  to  build  two  separate  stations. 

In  stations  where  an  operating  room  is  necessary,  it  should 
be  so  constructed  that  the  operator  has  a  full  view  of  all  appara- 
tus under  his  care.  The  room  should  be  enclosed  by  glass  to  shut 
out  the  noise  and  also  to  protect  the  instruments  from  escaping 
steam. 

It  is  not  the  ideal  thing  in  power  station  design  to  make 
use  of  the  unit  system  from  coal  pile  to  substation,  taking  every 
precaution  against  interruptions  and  then  put  the  entire  plant 
under  one  system  of  control.  The  Niagara  plant  was  shut  down, 
leaving  Buffalo  cut  off  from  this  source  of  power  for  about 
eighteen  hours.  The  interruption  was  due  to  lightning  destroy- 
ing the  cables  that  lead  from  the  generators  to  the  transformer 
house.  However,  the  points  that  may  be  brought  up  in  dis- 
cussing the  question  of  duplicate  controlling  systems  are  not  all 
in  favor  of  a  secondary  system.  If  the  station  is  one  of  a 
number  feeding  a  large  system,  a  duplicate  system  of  control 
may  not  be  necessary,  but  if  the  station  is  an  important  one, 
where  a  shut-down  would  mean  a  great  deal,  this  additional 
expense  may  be  more  than  justified.  In  case  a  duplicate  system 
of  control  is  installed  it  should  be  put  in  in  such  a  manner  that 
no  wires  common  to  the  two  systems  are  necessary.  This  may 
be  accomplished,  in  a  measure  at  least,  by  means  of  "throw- 
over"  switches.  The  writer  has  seen  a  duplicate  system  installed 
as  follows:  A  power  station  supplied  a  very  important  sub- 
station by  two  three-phase,  four  wire,  overhead  circuits,  these 
circuits  being  arranged  at  the  power  station  end  so  that  in  case 
one  wire  was  grounded  or  out  of  service  the  neutral  wire  of 
either  circuit  could  be  switched  in,  in  place  of  this  phase  wire. 
This  scheme,  while  theoretically  a  good  one,  involved  a  rather 
complicated  system  of  switches,  and  after  being  installed  about 
four  years  was  called  upon  to  do  service,  with  the  result  that 
the  operator  made  a  mistake,  resulting  in  a  shut-down  of  the 
substation.  However,  such  mistakes  cannot  be  held  against  any 
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particular  system,  but  the  fact  that  the  operator  can  and  does 
make  mistakes  must  be  kept  in  mind  by  the  designing  engineer. 

To  provide  absolute  "fool-proof"  apparatus  or  methods  of 
operation  is  generally  beyond  the  ability  of  the  designer,  but  in 
large  central  stations  an  attempt  is  made  to  have  both  the 
apparatus  and  the  operation  as  near  "fool-proof"  as  possible. 

To  facilitate  operating,  bench  boards  or  operating  boards 
have  been  designed  on  which  are  placed  signal  lamps,  oil 
switches,  control  switches  and  "dummy  busses."  This  scheme 
enables  the  operator  to  tell  where  each  generator  or  feeder  is 
connected  and  also  the  position  of  all  oil  switches. 

In  the  installation  of  the  electrical  apparatus  there  are  a 
number  of  points  well  worth  consideration.  For  moderate  volt- 
ages, say  up  to  15,000  volts,  the  writer  is  in  favor  of  having 
all  bus  bars,  switch  connections,  etc.,  thoroughly  insulated.  Care 
should  be  taken  to  ground  properly  all  cable  sheaths,  transformer 
cases,  switchboard  frames  and  instrument  transformer  second- 
aries. One  ground  wire  should  be  run  for  lightning  arresters  or 
static  dischargers,  a  second  wire  for  intrument  transformer 
secondaries,  and  a  third  for  cable  sheaths  and  transformer  cases. 

It  has  become  standard  practice  in  the  larger  stations  to  pro- 
vide two  generator  switches,  so  that  either  of  two  busses  can 
be  selected.  In  stations  where  motor-driven  exciters  are  used 
the  installation  of  a  storage  battery  on  the  exciter  bus  is  also 
a  common  practice.  In  addition  to  maintaining  a  constant  pres- 
sure on  the  exciter  bus,  this  battery  furnishes  a  reliable  source 
of  current  for  operating  motor-controlled  oil  switches,  circuit 
breakers,  rheostats,  field  switches,  and  governor  motors.  The 
installation  of  a  transfer  bus,  so  that  any  feeder  can  be  thrown 
to  one  of  several  generators,  is  very  desirable.  The  sectionaliz- 
ing  of  main  busses  is  generally  a  good  precaution.  Generators 
and  feeders  should  be  equipped  with  overload  and  reverse  cur- 
rent relays.  Sufficient  mechanical  protection  and  isolation  of 
generator  leads,  busses,  and  switch  connections  should  be  pro- 
vided to  prevent  failure  due  to  short  circuits  or  grounds  on 
adjacent  cables  or  busses. 

The  writer  had  intended  to  give  the  results  of  some  recent 
tests  on  large  steam  turbines  as  well  as  to  point  out  the  general 
features  of  water  power  plant  and  gas  engine  station  design,  but 
as  this  paper  is  already  beyond  the  imposed  limitations  these 
subjects  will  not  be  dealt  with. 


POWER  STATION  DESIGN.  IO3 

In  closing  it  might  be  interesting  to  point  out  the  general 
features  of  one  of  the  recent  large  turbine  stations.  In  the 
Quarry  street  station  of  the  Commonwealth-Edison  Co.  the 
boiler  settings  are  of  the  so-called  marine  type,  the  stoker  being 
placed  at  what  is  usually  the  rear  of  the  boiler.  This  will  un- 
doubtedly give  better  combustion,  less  smoke  and  a  higher  effi- 
ciency. As  the  largest  steam  turbines  now  approach  the  economy 
of  internal  combustion  engines  the  improvement  in  steam  ap- 
paratus then  must  lie  in  the  steam  boiler.  The  prevention  of 
smoke  in  a  power  plant  located  in  the  heart  of  a  great  city  is 
not  only  desirable  but  almost  compulsory.  In  this  new  furnace 
the  gases  driven  off  by  the  first  combustion  have  time  to  come 
in  contact  or  pass  through  the  hotter  flames  in  the  rear  before 
coming  in  contact  with  the  relatively  cold  boiler  tubes. 

The  problem  of  proper  ventilation  of  the  generator  has  here 
received  due  consideration  for  the  first  time  in  this  type  of  unit. 
A  large  air  pipe  connects  an  air  duct  in  the  basement  with  the 
top  of  the  generator,  the  revolving  field  being  provided  with 
vanes  which  draw  the  air  from  the  duct  through  the  pipe  and 
discharge  it,  through  openings  in  the  frame,  into  the  turbine 
room. 

The  electrical  end  of  the  station  is  designed  with  due  con- 
sideration for  protecting  life  as  well  as  guarding  against  mate- 
rial accidents.  The  oil  switches  are  equipped  with  disconnecting 
switches  which  allow  them  to  be  cut  entirely  free.  A  signal 
board  is  installed  in  the  oil  switch  room  indicating  which  lines 
are  alive. 

There  is  one  point  here  that  the  writer  would  like  to  im- 
press clearly  upon  the  mind  of  the  reader,  and  that  is  the  im- 
portance of  protecting  human  life  in  engineering  design.  We 
have  a  great  deal  to  learn  from  foreign  engineers  in  this  respect. 
The  installation  of  open,  high-voltage  wires  where  attendants 
can  come  in  contact  with  them  in  the  performance  of  their 
regular  duties  is  only  one  of  the  many  death  traps  that  is 
permitted.  After  all,  the  highest  sense  of  duty  in  engineering 
is  the  lending  of  a  helping  hand  to  fellow  man,  and  every 
possible  precaution  should  be  taken  to  guard  against  loss  of  life 
in  engineering  design. 


MANUFACTURING  SMALL  GAS  ENGINES. 

BY  E.  B.   CUSHMAN. 

The  manufacturers  of  gas  engines  have,  to  a  great  extent, 
put  their  best  material  and  workmanship  into  the  larger  size 
motors  of  the  four-cycle  type,  and  constructed  the  smaller  sizes 
of  the  two-cycle  type  with  as  little  work  and  as  cheap  material 
as  possible  in  order  to  supply  the  demand  for  a  small,  low- 
price  motor.  All  this  tends  to  prejudice  the  public  against  the 
two-cycle  principle. 

The  company  with  which  the  writer  is  connected  believed 
that  it  was  possible  to  build  a  two-cycle  motor  that  would  not 
only  develop  more  power  than  the  four-cycle  and  show  as  much 
flexibility,  but  due  to  its  simplicity,  show  a  much  lower  main- 
tenance cost.  The  company  placed  on  the  market  six  years 
ago  a  two-cycle,  high-speed  motor  from  which  there  has  been 
but  little  change  since,  with  the  exception  of  a  few  minor  details. 

After  purchasing  castings  from  different  foundries  from 
Chicago  to  Denver,  with  anything  but  satisfactory  results,  we 
began  to  realize  what  the  manufacturer  in  this  locality  was 
really  up  against.  At  that  time  there  was  not  a  single  foundry 
west  of  Chicago  that  was  making  a  specialty  of  small  gas  engine 
cylinder  castings,  with  the  exception  of  a  few  manufacturers 
who  were  making  them  for  theif  own  use.  Therefore  high-class 
work  in  this  line  could  not  be  obtained,  so  a  small  foundry  of 
our  own  was  erected,  which  has  given  most  gratifying  results. 

Small  gas  engine  cylinders,  where  the  cylinder,  water  jacket, 
head,  transfer  port,  feed  and  exhaust  chambers  are  cast  integral 
and  so  designed  as  to  be  of  maximum  strength,  with  a  minimum 
amount  of  material,  are  to  the  foundry  a  separate  branch  by 
themselves,  and  require  no  small  amount  of  care,  skill  and  judg- 
ment to  produce  a  heat  of  perfect  castings. 

Illustration  No.  i  shows  an  open  mould  for  a  two-cycle 
cylinder  with  cores  in  place.  The  sand  used  in  these  cores  is 
of  a  mixture  of  Platte  river  and  Ohio  moulding  sand  with  boiled 
oil  as  a  binder.  The  venting  of  the  main  core  is  done  in  the 
usual  way  by  means  of  a  vent  rod  while  the  core  is  green.  The 
jacket  and  other  thin  cores  are  of  such  a  shape  that  it  is  im- 
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possible  to  accomplish  the  venting  in  this  manner,  so  wax  tapers 
are  used.  The  wax  is  carefully  tested  before  going  into  cores, 
as  the  proper  results  depend  very  much  on  the  quality  of  wax 
used.  For  instance,  some  grades  of  wax  may  work  nicely  in 
the  core  until  they  are  melted  out  during  the  baking  process, 
then  they  make  the  entire  core  so  soft  and  rotten  that  it  cannot 
be  used. 

Cut  No.  2  shows  a  cross  section  of  a  finished  cylinder  of 
the  four-cycle  type.  The  cylinder  walls  are  one-quarter  of  an 
inch  in  thickness,  while  the  water  jacket  and  valve  chamber 
walls  are  cast  less  than  three-sixteenths  of  an  inch.  In  the 
casting  of  stove  parts  even  thinner  castings  than  this  are  made, 
but  in  so  doing  there  is  but  one  end  in  view,  viz.,  sound,  smooth 
castings,  and  any  kind  of  material  that  will  produce  a  casting 
of  this  kind  is  all  that  is  necessary;  but  in  cylinder  casting 
there  are  four  vital  points  that  must  be  taken  into  consideration : 
First,  the  casting  must  be  sound  and  free  from  flaws;  second, 
it  must  be  close  grained  in  order  to  take  a  high  finish  and 
wear  well ;  third,  it  must  be  high  in  tensile  strength,  and  fourth, 
it  must  be  of  sufficient  softness  to  machine  easily.  All  of  these 
qualities  are  not  to  be  found  in  any  of  the  Northern  or  the 
Southern  rivers  alone,  but  require  a  mixture  of  Lake  Superior 
and  Southern  iron  to  produce  the  best  results. 

BORING  AND  GRINDING  OF   CYLINDERS. 

The  cylinder  is  caught  in  a  special  jig  designed  to  suit  the 
shape  of  the  cylinder  and  is  bored  by  mtans  of  a  boring  bar 
with  a  single  tool  to  within  .006  of  size  very  much  the  same 
as  any  internal  boring  would  be  done  on  a  lathe.  After  this 
operation,  without  removing  the  cylinder  from  the  jig,  the 
boring  bar  on  the  turret  is  swung  out  of  place  and  a  carborun- 
dum wheel  of  about  three-fourths  the  diameter  of  the  cvlinder 
is  brought  in  position.  This  wheel  is  carried  on  a  hardened 
tool-steel  shaft,  accurately  ground,  running  in  white  bronze 
bearings  and  is  driven  by  means  of  a  belt  from  a  drum  over 
the  machine.  A  stream  of  water  is  fed  to  the  wheel  while  in 
the  cylinder  so  as  to  keep  the  work  at  a  uniform  temperature 
and  thus  do  accurate  grinding.  The  machine  is  equipped  with 
a  micrometer  dial  graduated.  The  operation  is  held  to  limit 
.001  variation.  The  question  is  often  asked,  "How  about  the 
wear  of  the  carborundum  wheel,  why  does  this  not  wear  off 
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and  cause  the  cylinder  to  taper?"  In  re'ply  to  this,  we  cannot 
say  just  what  the  wear  is  on  the  wheel,  but  we  do  know  that 
one  wheel  will  grind  about  two  hundred  cylinders  and  only  be 
reduced  in  size  about  one-eighth  of  an  inch,  and  that  a  greater 
part  of  this  is  due  to  the  dressing,  and  that  the  cylinders  do 
not  show  a  taper  of  more  than  .0005,  and  some  in  one  direction 
and  some  in  the  other,  proving  that  the  wear  of  the  wheel  had 
nothing  to  do  with  the  taper.  This  method  of  cylinder  finishing 
not  only  produces  a  smooth,  highly-polished  surface  and  an 
accurate  bore  but  greatly  increases  the  efficiency  and  durability 
of  the  motors. 

Cut  No.  3  shows  some  of  the  parts  in  detail.  The  exhaust 
and  feed  valves  are  both  mechanically  operated  by  the  same 
cam.  The  raise  on  the  cam  pushes  the  exhaust  open.  After 
it  has  closed  the  roller  on  the  push  rod  drops  into  an  indenta- 
tion which  pulls  the  feed  valve  open.  Between  the  closing  of 
the  exhaust  valve  and  opening  of  the  feed  valve  the  push  rod 
comes  to  rest  for  about  eight  degrees,  thus  making  the  valve 
action  noiseless.  The  feed  valve  which  is  directly  over  the 
exhaust  is  mounted  in  a  cage  that  can  be  easily  removed.  The 
exhaust  valve  is  made  with  a  nickel  steel  head  electrically  welded 
to  a  carbon  steel  stem,  after  which  the  entire  valve  is  ground. 
The  head  being  of  nickel  steel  prevents  the  oxidization  and  pit- 
ting of  the  seat. 

The  push  rod  is  made  of  machine  steel.  After  rough  turning 
and  milling  it  is  placed  in  a  carbonizing  furnace,  where  it  remains 
for  about  ten  hours.  This  carbonizes  the  entire  surface  to  the 
depth  of  three  thirty-seconds  of  an  inch.  They  are  then  allowed 
to  cool  slowly,  after  which  they  are  straightened,  reheated  and 
hardened,  then  ground  to  size.  The  push  rod  and  pin  are  of 
tool  steel  hardened  and  ground. 

The  crank  shaft  is  drop  forged  of  a  special  steel.  After 
being  rough  turned,  the  center  of  the  shaft  is  placed  in  a  cast 
iron  box,  allowing  both  ends  to  project.  Bone  black  and  char- 
coal are  then  tightly  packed  around  the  crank  pin,  a  cover  placed 
over  the  box  and  all  of  the  joints  stopped  with  fire  clay.  The 
boxes  are  then  placed  in  the  carbonizing  furnace  for  twelve  to 
fourteen  hours.  After  coming  out  they  also  require  straighten- 
ing before  hardening.  After  hardening,  the  entire  shaft  is 
ground  to  size. 

This  method  of  hardening  crank  pins  has  been  adopted  only 
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by  a  few  manufacturers  of  high-class  automobiles,  yet  the  in- 
creased durability  of  a  hardened  bearing  pays  for  the  extra  cost 
of  so  doing  several  times  over.  On  a  certain  test  made  in  our 
own  factory  a  double  cylinder  motor  having  one  crank  pin 
hardened  and  the  other  not,  was  run  for  about  six  months  with 
full  load  and  at  about  twice  its  normal  speed.  This  motor  was 
used  for  power  purposes  ten  hours  per  day  and  for  electric 
light  service  about  three  hours.  When  the  test  was  completed, 
the  motor  was  taken  apart  and  the  bearing  measured  up.  The 
crank  pin  which  had  not  been  hardened  was  worn  out  of  round 
.007  of  an  inch.  The  phosphor  bronze  boxes  also  wore  away 
about  .10  of  an  inch,  while  the  same  grade  of  bronze  on  the 
hardened  pin  was  worn  away  only  .005"  and  the  pin  itself  was 
out  of  round  only  .001. 

Cut  No.  4  shows  a  three-horse-power,  four-cycle,  stationary 
motor.  The  governor,  which  is  enclosed  in  a  crank  case  and 
runs  in  oil  (as  do  all  the  working  parts),  is  of  the  throttling 
type.  This  particular  motor  develops  3J4  to  4  H.  P.  and  weighs 
165  pounds  complete. 

Cut  No.  5  shows  a  14  H.-P.  marine  motor  which  is  of  the 
two-cycle  type. 


CRANE  GIRDERS  FOR  ELECTRIC  TRAVELING 

CRANES. 

BY  T.  B.  DAVIS,   'o6. 

Editor's  Note.— The  author  of  this  article  furnished  the  Blue  Print 
with  eight  views  showing  various  parts  of  traveling  cranes,  but  as  the 
book  had  already  gone  to  press  it  was  too  late  to  have  the  views  printed 

I-beam  girders  with  channel  stiffeners  on  top  flange. 

The  I's  should  carry  the  whole  vertical  load  and  the  channels 
care  for  the  horizontal  side  thrust  due  to  starting  and  stopping 
the  crane.  The  width  of  the  channel  cover  can  reasonably  be 
taken  as  the  flange  width  as  affecting  the  lateral  flexture  of  the 
beam. 

If  /  =  span  in  inches  and  b  =  width  of  flanges  in  inches,  -r- 

should  not  be  greater  than  50,  and  allowed  unit  stresses  shall 
be  as  given  in  table  of  allowable  fibre  stresses  due  to  lateral 
flexure. 


Ratio  of  span 

Allowable  unit  stress 

Proportion  of  safe 

to 

for  direct  flexure 

tabular  load 

flange  width 
/ 

J 

in  extreme  fibre 

to  be  used 

P 

19 -37 

16,000 

1.0 

20 

15,882 

97 

25 

H,897 

•93 

30 

13.846 

.87 

35 

12,781 

80 

40 

".739 

■73 

45 

10,746 

.67 

50 

9,818 

.61 

55 

8,063 

56 

60 

8,182 

5i 

65 

7.474 

47 

70 

6,835 

•43 

75 

6,261 

•39 

For  Bending — Assume  a  40'  span  of  bridge.  Trolley  wheel 
base  =  4' ;  weight  of  trolley  and  load  =  10,000  pounds  uniformly 
distributed  on  four  trolley  wheels. 
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Reaction  at  Support  B  = 


21 


40 


X  5,000  lbs. 


—  X  5,000  lbs 
40 


750  lbs. 


The  max.  bending  moment  =  4,750  X  19  X  12  =  1,083,000"  lbs. 
Allow  25  per  cent  for  impact 270,750 

Total  bending  moment  due  to  live  load i,353>75o"  lbs. 

If  we  use  a  10"  channel  cover,  -r-  =- —  =  48,  and  safe  load  = 
.64  tabular  load.  IO 

The  equivalent  load  at  full  tabular  values  =  1,353,750"  lbs.  -*- 
.64  =  2,115,234"  lbs. 

Allowed  fibre  stress  for  live  load  =  11,500  lbs. 

— =  183.0  section  modulus  required  for  live  load. 

11,500  °*  ^ 

Try  20"  —  65  lbs.  Fs  with  10"  —  15  lbs.  channel  covers  and  40 
lb.  rails,  the  weight  of  the  bridge  =  40  (65  lb.  I  +  15  lb.  chan  + 
14  lb.  rail)  X  2  =  7,520  lbs. 
%  X  7,520  X  40  X  12  =  451,200"  lbs.  bending  due  to  dead  load. 

45 1,200  -5-  16,000=    28.2  section  modulus  required  for  D.  L. 

183.9  section  modulus  required  for  L.  L. 

212. 1  total  section  modulus  required. 

Use  2  — 20"  — 65  lb.  Fs S  =  234. 

An  additional  stress  is  imposed  upon  the  channel  cover,  due 
to  stopping  the  travel  of  the  crane  when  moving  at  full  speed  on 
the  runway.    It  is  generally  customary  to  assume  a  coefficient  of 
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friction  of  .25  between  the  track  wheel  and  the  rail,  and  since 
the  total  load  of  the  crane  is  carried  on  four  wheels  the  load  on 
the  two  driving  wheels  will  be  one-half  of  the  sum  of  the  live 
and  dead  loads. 

The  mamimum  bending  moments  in  the  lateral  plane  will  occur 
when  the  trolley  is  in  the  middle  of  the  girder  and  the  foot  brake 
is  applied,  which  will  make  the  track  wheels  skid  on  the  rails. 

10  000 
In  the  case  assumed  the  friction  amounts  to  J4  of  — = 

1,250  lbs.  2 

The  bending  moment  due  to  the  concentrated  live  load  = 
Yl  X  1,250  X  40  X  12  =  150,000"  lbs. 

The  horizontal  bending  moment  due  to  the  weight  of  the 

girders  is  equal  to  %  X  (yA  X  ^—\  X  40  X  12  =  56,250"  lbs. 

The  total  bending  moment  is  equal  to  150,000"  lbs.  +  56,250" 
lbs.  =  206,250"  lbs. 

The  total  bending  moment,  206,250"  lbs.  -*■  11,500,  the  allow- 
able fibre  stress,  is  equal  to  17.9  section  modulus  required  for 
side  deflection  for  both  girders ;  which  would  require  2  — 10" 
15  lb.  channels  with  a  total  section  modulus  of  26.8. 

BOX   GIRDERS   FOR  ELECTRIC  TRAVELING  CRANES. 

In  a  plate  or  box  girder  the  top  flange  is  subject  to  com- 
pression and  the  bottom  flange  to  tension.  It  is  customary  in 
practice  to  make  both  flanges  equal,  and  composed  of  the  same 
size  of  plates  and  angles.  In  proportioning  the  flanges  of  girders 
the  lower  flange  is  calculated  for  tension;  the  areas  of  the  rivet 
holes  cut  out  of  the  flanges  are  deducted  from  the  total  area 
so  as  to  give  the  net  or  actual  area  of  the  flange  at  the  point 
of  least  strength.  The  stresses  in  the  flange  are  assumed  to  be 
produced  wholly  by  the  bending  moment  on  the  girder  and  the 
moments  of  these  stresses  are  assumed  to  be  equal  to  the  moments 
of  the  external  forces.  The  maximum  bending  moment  due  to 
the  live  load — consisting  of  the  trolley  and  material  being 
handled — occurs  when  one  wheel  of  the  trolley  is  one-fourth  of 
the  wheel  base  of  the  trolley  to  the  right  or  left  of  the  center 
line  of  the  girder.  Knowing  the  total  live  load  and  the  span, 
the  reactions  can  easily  be  determined  and  the  maximum  bending 
moment  due  to  the  live  load  can  be  found  (see  sketch  attached 
which  applies  to  any  girder).     The  dead  load,  which  consists 
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of  the  girder,  together  with  traverse  shaft,  boxes  and  runway 
rail  for  the  trolley,  must  be  assumed  as  the  bending  moment 

W/ 
due  to  a  distributed   load  is  equal  to  — ~- .     W  =  weight ;  /  = 

length  of  span  in  inches ;  8  is  a  constant. 

The  area  of  the  flanges  for  two  girders  is  equal  to  the  sum 
of  the  bending  moments  due  to  the  live  load  divided  by  the 
depth  of  the  girder  in  inches  multiplied  by  fibre  stress  per 
square  inch  of  material,  or  expressed  in  the  formula : 

A  =  =-p  in  which  A  =  net  area  of  two  flanges  in  square  inches. 
J  D  =  depth  of  girder  in  inches. 

f  =  safe  fibre  stress  per  square  in.  of  material. 
M  =  Bending  moment  of  the  girders  in  whole 
pounds. 

While  plate  girders  are  more  economical  than  box  girders, 
the  latter  are  stiffer  in  the  lateral  direction  and  hence  should  be 
used  where  a  wide-top  flange  is  required  in  order  to  furnish  the 
necessary  lateral  stiffness  for  a  long  span.  If  the  girder  is  not 
held  in  place  laterally  the  top  flange  should  have  the  width  equal 
to  one-twentieth  of  the  span.  Otherwise  the  gross  area  of  the 
top  flange  may  be  found  by  the  following  formual : 

A' =  A(   /+ );  in  which  A  =  gross  area  required  in  top 

D  flange  with  the  girder  sup- 

ported laterally. 
A'  =  gross  area  in  top  flange  with 
the  girder  unsupported  lat- 
erally. 

ADOPTED  DEPTH. 

It  has  been  found  by  experience  that  the  most  economical 
depth  for  crane  girders  carrying  a  load  of  from  one  to  one  hun- 
dred tons,  and  with  spans  from  30  to  120  feet,  is  one-fifteenth  to 
one-twentieth  of  the  span. 

DISTRIBUTION    OF   RIVETS   IN    FLANGES. 

The  pitch  of  the  rivets  in  the  flange  angles  of  web  plate  is 
usually  determined  by  computing  total  flange  stress  at  intervals 
along  the  beam  and  dividing  the  stress  increments  in  the  flange 
by  the  distance  of  one  rivet. 
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Let  S  =  shear  on  the  section. 

p  =  pitch  of  the  rivets  in  the  flange  angles. 

r  =  resistance  of  one  rivet. 

h  =  distance  between  rivet  lines  in  top  and  bottom  flanges. 
w  =  vertical  load  on  the  flange  per  lineal  inch. 
F  =  area  of  one  flange. 
A  =  area  of  web. 

In  case  the  vertical  load  is  supported  by  the  flanges,  as  is 
usual  in  crane  girders  where  the  rail  rests  on  top  of  the  cover 
plate,  the  rivets  connecting  the  flange  to  the  web  receive  a 
vertical  stress  in  addition  to  the  horizontal  shear,  and  the  pitch 
must  be  reduced  accordingly. 

Assuming  first  that  all  moment  is  resisted  by  the  flanges,  the 


S/ 
horizontal  stress  on  each  rivet  would  be  -j-. 

would  then  be : 


The  resultant  stress 


= Jw + (¥)', 


M  /tf 


from  which 


/  = 


a!  ■"  +  (t)  ' 


Some  designers  prefer  to  assume  that  one-eighth  of  the  area 
of  the  web  is  effective  in  resisting  the  bending  moment;  in 
which  case  the  above  formula  becomes : 


=  \?v' 


+ 


F  _S)» 

AX  A  I 

+  —  I 


The  load  is  assumed  to  move  from  the  end  toward  the  center 
and  the  rivet  spacing  at  intervals  of  about  4'  usually  suffices 
for  all  practical  purposes,  and  the  spacing  between  any  two 
given  points  is  made  the  same. 


THE  AMERICAN  SOCIETY  OF  AGRICULTURAL 

ENGINEERS. 

BY   J.    B.    DAVIDSON,    '04. 

In  December,  1907,  some  fifteen  or  twenty  instructors  in 
agricultural  engineering  and  farm  mechanics,  from  the  various 
state  educational  institutions  throughout  the  country,  and  several 
representatives  of  commercial  firms  met  at  the  University  of 
Wisconsin  to  discuss  the  various  problems  before  those  engaged 
in  these  lines  of  work.  As  a  result  of  the  enthusiasm  of  the 
meeting  the  American  Society  of  Agricultural  Engineers  was 
organized.  A  year  later  the  first  annual  meeting  was  held  at 
the  University  of  Illinois,  and  with  about  the  same  number  of 
college  men  in  attendance,  but  with  many  more  representatives 
of  the  implement  and  farm  machine  industry  and  the  technical 
press.  To  those  who  have  not  been  connected  with  this  new 
society  of  engineers  it  may  be  interesting  to  learn  something  of 
its  objects  and  its  plans.  This  paper  will  be  a  brief  discussion 
of  the  same,  being  in  part  portions  of  the  first  annual  address 
before  the  society. 

The  objects  of  the  American  Society  of  Agricultural  Engi- 
neers, as  set  forth  in  the  constitution,  are  to  promote  the  art 
and  science  of  engineering  as  applied  to  agriculture.  The  prin- 
cipal means  of  promoting  this  purpose  shall  be  by  the  holding 
of  meetings  for  the  reading  and  discussion  of  professional 
papers  and  for  social  intercourse ;  and  the  general  dissemination 
of  information  by  the  publication  and  distribution  of  its  papers 
and  discussions. 

The  past  decade  has  witnessed  a  wide  extension  of  engineer- 
ing into  agriculture  that  is  almost  beyond  comprehension.  En- 
gineering has  come  to  the  farmer  to  make  farming  one  of  the 
most  desirable  of  all  vocations.  It  is  engineering  that  has  been 
one  of  the  chief  factors  in  raising  agriculture  to  the  high  stand- 
ard that  it  has  attained.  This  has  been  brought  about  by 
machinery  utilizing  power  other  than  human  power,  by  better 
farm  buildings,  better  field  and  sanitary  drainage,  more  adequate 
water  supply,  improved  methods  of  securing  and  applying  irri- 
gation water  and  good  roads — all  phases  of  engineering.  From 
the  scope  of  agricultural  engineering  it  is  evident  that  it  fills 
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an  important  place  in  modern  agricultural  endeavor.  This  has 
been  recognized  by  nearly  all  of  the  leading  agricultural  colleges 
of  the  country,  since  they  have  established  courses,  and  in  most 
cases  departments  for  agricultural  engineering  instruction.  So 
sudden  and  exacting  are  the  demands  for  expansion  in  this 
direction  that  in  many  cases  the  extension  of  the  work  has  ex- 
ceeded the  literature  on  the  various  subjects.  If  the  society  is 
to  fulfill  its  purpose  in  the  largest  way  it  must  assist  in  collecting 
and  furnishing  reliable  agricultural  engineering  data,  not  only 
to  college  instructors  but  also  to  those  engaged  in  professional 
engineering  endeavor.  No  doubt  one  of  the  first  lines  of  work 
to  be  undertaken  by  the  society  should  be  to  obtain  a  complete 
and  accurate  bibliography  of  all  agricultural  engineering  liter- 
ature. 

This  search  of  the  world's  literature,  together  with  the  papers 
presented  to  and  published  by  the  society  from  time  to  time,  as 
provided  for  by  the  constitution,  will  be  a  work  and  an  object 
worthy  of  any  scientific  body  and  should  be  of  benefit  to  man- 
kind and  as  such  should  be  commended. 

Another  object  of  the  society,  as  set  forth  in  the  constitution, 
is  to  enable  its  members  to  meet  in  a  social  way  and  encourage 
good  feeling  among  all  engaged  in  the  profession.  In  looking 
over  the  history  of  the  early  attempts  to  form  engineers'  socie- 
ties, it  was  noticed  that  one  reason  given  for  their  failure  in 
accomplishing  their  purpose  in  the  fullest  way  was  the  absence 
of  any  means  of  promoting  the  social  interest  of  the  members. 
The  value  of  the  beneficial  influence  of  having  the  members  of 
the  profession  meet  together  and  gain  the  enthusiasm  and  in- 
spiration which  is  sure  to  be  received  by  all  in  such  a  meeting 
cannot  be  over-estimated.  All  of  the  older  engineers'  societies 
look  well  after  the  social  features  of  each  meeting. 

The  society  has  an  important  field  in  designating  and  em- 
phasizing the  importance  and  value  of  the  work  of  the  agricul- 
tural engineer.  By  presenting  a  solid  front  to  the  world,  the 
members  will  not  only  be  able  to  advance  themselves  but  also 
render  the  world  and  humanity  a  commendable  service  worthy 
of  any  organization.  Agricultural  engineering  instruction  in 
the  colleges  is  only  in  its  infancy,  and  the  society  should  be  a 
factor  in  establishing  definitely  the  science,  theory  and  practice 
of  agricultural  engineering.  With  a  good  training  in  agricul- 
tural engineering  the  agricultural  worker  will  be  better  equipped 
to  cope  with  the  world's  problems.     The  engineering  training 
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demanded  today  in  the  successful  management  of  a  modern 
farm,  as  well  as  a  thorough  knowledge  of  engineering  subjects, 
is  absolute  evidence  that  agricultural  engineering  must  and  will 
be  given  a  more  important  place  in  the  agricultural  college 
curriculum. 

The  work  of  the  American  Society  of  Agricultural  Engineers 
must  be  largely  educational,  for  not  only  must  the  science  of 
agricultural  engineering  be  developed  but  its  practice  must  be 
given  to  the  world.  As  soon  as  better  homes,  better  and  more 
improved  machinery,  more  complete  and  refined  drainage  and 
irrigation  systems,  and  better  highways  are  demanded  by  the 
people  in  general,  in  like  proportion  the  prosperity  of  the  nation 
and  its  agricultural  engineers  will  advance. 

Perhaps  the  argument  will  be  advanced  that  all  phases-  of 
agricultural  engineering  are  included  in  the  present  societies. 
The  American  Society  of  Civil  Engineers  will  include  the  work 
of  the  drainage,  irrigation  and  highway  engineer ;  the  American 
Society  of  Mechanical  Engineers  the  work  of  the  farm  imple- 
ment designer,  and  the  Architects'  Society  the  work  of  the  de- 
signer of  farm  buildings.  It  is  true  that  the  new  society  must 
offer  more  than  the  older  society,  for  if  not  there  will  be  no 
inducement  for  engineers  to  become  members  of  the  new.  If 
the  new  society  is  to  fill  its  proper  place  at  all,  it  will  be  able 
to  offer  much  more  to  its  members  than  all  of  the  older  societies 
put  together  if  it  were  possible  to  be  a  member  of  them  all. 
Engineering  has  become  such  a  complex  subject  and  has  reached 
such  a  high  stage  of  development  in  the  older  branches  that 
agricultural  engineering  is  practically  excluded.  An  examina- 
tion of  the  later  proceedings  of  the  societies  referred  to  will 
prove  the  above  statement. 


EDITORIALS. 

Through  the  persistent  efforts  of  Dean  Richards  the  new 
engineering  building  will  be  completed  and  fully  equipped  for 
work  by  next  fall.  Dean  Richards  has  made  a  careful  study  of 
the  buildings  and  equipment  in  a  majority  of  the  better  institu- 
tions of  this  country  and  when  completed  the  new  building  which 
was  designed  by  him  will  be  at  least  the  equal  of  any  similar 
structure  in  the  United  States  in  design,  convenience,  arrange- 
ment and  equipment. 

The  development  of  engineering  at  the  University  of  Ne- 
braska has  been  very  gratifying  to  those  interested  in  the  work. 
In  spite  of  "stiff"  courses,  and  a  lack  of  adequate  room,  equip- 
ment and  instructional  staff,  the  number  of  students  has  steadily 
increased.  With  the  completion  of  the  fine  new  mechanical 
engineering  laboratory  and  the  readjustments  made  possible  by 
the  completion  of  this  building,  the  work  of  the  college  of  engi- 
neering will  become  more  thorough,  interesting  and  effective  The 
completion  and  equipment  of  the  new  building  is  but  the  begin- 
ning of  a  program  of  betterment  which  it  is  hoped  may  be 
carried  out  within  a  very  few  years. 

We  are  only  voicing  the  desire  of  every  Nebraska  engineer 
when  we  say  that  it  is  our  desire  to  make  the  Blue  Print  a 
better  book  from  year  to  year.  To  do  this  we  must  have  the 
cooperation  of  the  alumni  members  who  in  the  past  have  aided 
so  generously  toward  making  the  Blue  Print  what  it  is;  but 
we  refer  here  particularly  to  suggestions.  We  will  be  glad  to 
receive  any  suggestions  that  will  tend  to  make  the  Blue  Print 
a  better  book. 

Another  matter  we  wish  to  bring  before  the  alumni  is  that 
it  is  becoming  more  difficult  from  year  to  year  to  procure  the 
desired  number  of  articles  for  the  Blue  Print,  owing  to  the  fact 
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that  our  list  of  contributors  of  articles  is  increasing,  and  some 
of  the  men  are  contributing  articles  for  the  second  and  third 
time.  If  any  member  of  the  alumni  has  a  good  article  or  knows 
of  some  other  member  who  has  he  would  do  us  a  great  favor  by 
advising  us  accordingly. 


THE  ENGINEERING  SOCIETY. 

The  society  was  organized  to  promote  engineering  fellowship, 
to  give  the  engineering  departments  more  prominence,  and  to 
provide  from  time  to  time  pleasing  and  instructive  entertain- 
ments for  the  public.  Since  its  organization  nine  years  ago  the 
society  has  made  rapid  progress,  and  is  today  the  largest  and 
one  of  the  most  successful  societies  in  the  university. 

Last  year  an  associate  membership  was  established,  and  now 
a  student  cannot  become  an  active  member  of  the  societv  until 
he  has  been  an  associate  in  good  standing  for  four  months,  and 
has  made  at  least  ten  hours  credit  in  the  college  of  engineering. 
This  has  raised  the  standard  of  the  society.  Any  engineer  is 
eligible  to  associate  membership. 

A  number  of  addresses  have  been  given  before  the  society 
this  year  as  follows : 

"Gas  Engineering,"  by  W.  Bradford,  General  Superintendent 
Lincoln  Gas  and  Electric  Light  Co. 

"The  Place  of  Engineering  Science  in  the  World,"  by  Dr. 
Howard. 

"Wages,  and  the  Various  Systems  of  Paying,"  by  Dean 
Richards. 

"Concrete  in  Old  Roman  Architecture,"  by  Prof.  G.  E. 
Barber. 

"The  Manufacture  of  Portland  Cement,"  by  C.  W.  Boynton, 
Inspecting  Engineer  of  the  Universal  Portland  Cement  Co. 

Several  short  talks  were  also  given  as  follows : 

"Direct  Current  Switch-Boards,"  by  A.  L.  Harvey. 
"Experiences  while  with  a  Wiring  Gang,"  by  H.  C.  Currier. 
"The  Drafting  Room,"  by  M.  E.  Strieter. 

The  society  also  gave  its  annual  hop  last  fall,  and  two  smokers 
were  given  which  proved  to  be  very  successful. 

This  closes  the  program  to  date,  but  the  annual  banquet  will 
be  held  in  the  near  future  and  negotiations  are  on  for  two  more 
good  lectures  before  the  end  of  the  year. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 

The  American  Institute  of  Electrical  Engineers  represents 
the  largest  organized  body  of  scientifically  trained  electrical 
workers.  As  a  representative  body  of  American  genius  and 
industry  it  has  raised  the  standards  of  the  electrical  profession 
socially  and  economically.  Electrical  engineers  are  no  longer 
confounded  with  linemen  and  laborers;  they  rank  as  investi- 
gators and  engineers  among  the  brightest  intellects.  Socially 
the  electrical  engineer  is  known  and  given  high  standing.  The 
services  rendered  to  man  by  the  varied  applications  of  electricity 
are  almost  innumerable  and  give  employment  to  a  vast  army 
of  workers.  Pursuing  its  policy  of  raising  the  standard  and 
increasing  the  value  of  the  electrical  worker  the  American  Insti- 
tute has  authorized  the  formation  of  sections  and  branches. 

Sections  are  local  organizations  of  electrical  engineers,  mem- 
bers of  the  national  body,  formed  for  the  purpose  of  affording 
a  meeting  place  for  and"  bringing  into  close  relationship  co- 
workers and  co-interests. 

Branches  are  sections  formed  at  the,  various  institutions 
teaching  the  subjects  pertaining  to  the  electrical  profession. 
They  are  for  the  benefit  of  the  students.  The  meetings  held 
under  the  direction  of  the  facultv  of  such  institutions  and  local 
representatives  of  the  electrical  fraternity  are  at  once  an  encour- 
agement, an  incentive  to  learn  and  a. training  in  the  work  selected 
by  the  student  as  his  profession.  The  national  body  supports 
financially,  to  a  limited  extent,  the  activities  of  the  branches. 
Reports  of  local  meetings,  items  of  interest,  together  with  lists 
of  officers  are  published  in  the  proceedings  of  the  parent  organi- 
zation. The  students  pay  only  nominal  dues  for  the  privileges 
they  receive.  They  are  entitled  to  hold  minor  offices  in  the 
branches,  receive  the  publications  of  the  national  organization 
and  may  become  associates  or  full  members  upon  election  and 
payment  of  increased  dues. 

It   is   under  such   liberal   patronage  that  the   University   of 
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Nebraska  Branch  of  Electrical  Engineers  is  organized.  The 
benefits  accruing  to  students  and  members  have  strengthened 
the  local  branch  immeasurably.  Its  sphere  of  influence  is  en- 
larging at  a  rapid  pace.  The  meetings  of  the  past  year,  with 
addresses  delivered  by  B.  C.  Adams  of  the  Lincoln  Gas  and 
Electric  Company,  B.  W.  Capen  of  the  Nebraska  Telephone 
Company,  Professor  George  Hart  Morse,  and  others,  have  cre- 
ated interest  and  a  demand  that  the  University  of  Nebraska 
Branch  of  the  American  Institute  of  Electrical  Engineers  extend 
its  work  and  activities. 
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This  directory  contains  the  names  of  all  the  graduates  of 
Engineering  Courses  from  the  University,  also  a  few  graduates 
of  other  courses  who  have  taken  up  engineering  work,  and  a 
few  who  have  left  school  before  graduation  and  are  engaged  in 
engineering  work.  The  addresses  have  been  corrected  to  the 
best  of  our  knowledge  to  date,  March,  1909.  The  editors  will 
be  pleased  to  receive  any  corrections  or  additions  to  be  filed  for 
the  use  of  their  successors. 

Abbott,  M.  D.,  B.  Sc.,  R  R,  '08.    Lincoln,  Neb. 

Abel,  G.  P.,  B.  Sc,  C.  R,  '06.    Lincoln,  Neb.,  Eng.  Dept.  C,  B.  &  Q.  R.  R. 

Akerlund,  F.  R.,  B.  Sc,  M.  E.,  '06.    Valley,  Neb. 

Albers,  Jurgen,  B.  Sc,  C.  R,  '93. 

Alien,  R.  N.,  B.  Sc,  E.  E,  '08.  Meter  Dept  Seattle  Electric  Co.,  533 
Y.  M.  C  A.,  Seattle,  Wash. 

Anderson,  E.  E,  B.  Sc,  C.  E.,  '05.  Lincoln,  Neb.,  Ass't  Supt  of  Con- 
struction, U.  of  N. 

Arnold,  Bion  J.,  R  R,  '98.  181  La  Salle  St,  Chicago,  111.,  President  of 
The  Arnold  Co. 

Bailey,  B.  P.,  '93.    Okmulgee,  Okla.,  Electrician. 

Baker,  L  N.,  B.  Sc,  M.  E.,  '07.    Beatrice,  Neb. 

Barks,  F.  S.,  '03.  1629  Pierce  Building,  St.  Louis,  Mo.,  with  Common- 
wealth Steel  Co. 

Barkley,  J.  A.,  B.  Sc,  C.  E.,  '92.  Gen'l  Mgr.  Port  Elizabeth  Tramway, 
Port  Elizabeth,  Cape  Colony,  So.  Africa. 

Bates,  G.  W.,  B.  Sc,  C.  R,  '05.  327  No.  31st  St.,  Lincoln,  Neb.,  Sec'y 
State  Board  of  Irrigation. 

Batten,  R.,  B.  Sc,  C.  E,  '07.  S.  175  Howard  St,  Spokane,  Wash.,  Vice- 
Pres.  Amer.  Concrete  and  Eng.  Co. 

Bay,  Burt,  B.  Sc,  E.  E,  '06.  Westinghouse  Sales  Dept,  Riverton,  New 
Jersey. 

Beardslee,  C.  O.    Lincoln,  Neb. 

Bedell,  C.  E.,  B.  Sc,  E.  E.,  '00.  Pittsburg,  Pa.,  Designing  Eng.  Westing- 
house  Mfg.  Co. 

Belden,  C.  E.,  B.  Sc,  E.  R,  '07.    Dawson,  Neb. 

Belnap,  L.  J.,  B.  Sc,  E.  R,  '08.  Montreal,  Canada,  Montreal  Manager 
Allis  Chalmers  Co. 

Benedict,  B.  W.,  B.  Sc,  M.  R,  'oi.  630  Lane  St.,  Topeka  Kan.,  Super- 
visor of  Schedules,  Santa  Fe  System. 

Benjamin,  W.  E.,  B.  Sc,  C.  E.,  '96.    Cheyenne,  Wyo.,  Deputy  Co.  Clerk. 

(124) 
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Berquist,  H.  B.,  B.  Sc,  C  E.,  'o8.    1306  No.  25th  St.,  South  Omaha,  Neb., 

Coal  and  Grain  Business. 
Bessey,  E.  A.,  B.  Sc,  E.  E.,  '98.    Denver,  Colo.,  Denver  Electric  Co. 
Bessey,  C.  A.,  B.  Sc,  E.  R,  '09.    Chicago,  111.,  Sargeant  &  Lundie. 
Biggerstaft,  C.  D.,  C.  R,  'oi.    Golden,  Colo.,  Instructor  in  the  Colorado 

State  Industrial  School  for  Boys. 
Bliss,  R  F.,  B.  Sc,  R  R,  '02.    Schenectady,  N.  Y.,  General  Electric  Co. 
Bolles,  C.  M.,  B.  Sc,  E.  E.,  '06.    Box  Elder,  Neb. 
Bowlby,  H.  L.,  B.  Sc,  C.  R,  '05.    Seattle,  Wash.,  Instructor  in  C.  E.  Uni. 

of  Washington. 
Brackett,  E.  E.,  B.  Sc,  E.  E.,  '01.    Philadelphia,  Pa.,  Instructor  in  R  R 

Uni.  of  Penn. 
Brigham,  E  W.,  B.  Sc,  E.  R,  '06.    Schenectady,  N.  Y.,  General  Electric 

Co. 
Brooke,  I.  E,  B.  Sc,  E.  E.,  Chicago,  111.  The  Arnold  Co. 
Brooke,  W.  E.,  B.  Sc,  C.  R,  '92.    Minneapolis,  Minn.,  Uni.  of  Minn. 
Brooks,  G.  W.,  B.  Sc,  R  R,  '02.    Schenectady,  N.  Y.,  Construction  Fore- 
man, Gen.  Elec  Co. 
Brown,  A.,  B.  Sc,  '03.    Aurora,  Neb. 
Brown,  G.  F.,  B.  Sc,  '04.    785  State  St.,  Schenectady,  N.  Y.,  General  Office 

General  Elec  Co. 
Brockway,  P.  L.,  B.  Sc,  C.  R,  '05.    803  So.  Water  St,  Wichita,  Kan., 

Civil  Engineer. 
Bruce,  J.  A.,  B.  Sc,  '03.    Eng.  Dept  U.  P.  Ry. 
Bryan,  C.  H.,  Cedar,  Colo.,  Chem.  Eng. 
Buckley,  N.  R,  B.  Sc,  '03.    914  So.  26th  St,  Omaha,  Neb.,  Asst  Eng. 

U.  P.  Ry. 
Buckstaft,  F.  B.,  B.  Sc,  '03.    Chicago,  111.,  Estimator,  Henry  Pratt  Boiler 

&  Machine  Co. 
Burkey,  C.  R.,  A.  B.,  B.  Sc,  C.  R,  '06.    Jerome,  Idaho.,  Chief  Draftsman, 

"Twin  Falls  North  Side  Land  &  Water  Co." 
Burr,  F.  D.,  B.  Sc,  R  R,  '02.    Hawserlake,  Mont. 

Campbell,  S.  C,  B.  Sc,  M.  E.,  'oa.  Rock  Hill,  S.  C,  Mgr.  Rock  Hill 
Ice  Co. 

Carter,  A.  E.,  B.  Sc,  C.  R,  '99.  C.  E.  Columbia  Uni.,  449  W.  123d  St., 
N.  Y.  City,  Res.  Eng.  Rapid  Transit  Subway  Co. 

Case,  M.  B.,  C.  R,  '04.,  B.  Sc,  C.  R,  '06,  Illinois  Uni.  Ass't  Eng.  Van- 
couver-Portland Bridges,  510  Ravine  Ave.,  Peoria,  111. 

Charles,  E.  D.    Wisner,  Neb.,  City  Electrician. 

Chase,  L.  W.,  B.  Sc,  M.  R,  '04.  1245  No.  33d  St.,  Lincoln,  Neb.,  Prof. 
Farm  Mechanics,  Uni.  of  Neb. 

Chessington,  J.  B.,  C.  R,  '04.    Thermopolis,  Wyo.,  City  Engineer. 

Christensen,  W.,  *oo.    Utah,  Mercur  Mining  Co. 

Clinton,  S.  D.,  B.  Sc,  C.  R,  '02.    Chief  Engineer,  Downey,  Idaho. 


126  THE  NEBRASKA  BLUE  PRINT. 

Cole,  C.  L.,  B.  Sc.,  M.  E.,  '06.    3920  Lake  Ave.,  Chicago,  Allis-Chalmers 

Co.,  Milwaukee,  Testing  Dept 
Collet,  A.  J.,  B.  Sc,  M.  E.,  'oo.    Omaha,  Neb.,  Electrical  Engineer  Union 

Pacific  Railroad  Co. 
Cornell,  C.  B.,  B.  Sc,  E.  E.,  '04. 

Corr,  Ray,  B.  Sc,  M.  E.,  '04.    Indianapolis,  Ind.t  Atlas  Engine  Works. 
Cortelyou,  S.  V.,  B.  Sc,  C.  E.,  '02. 
Costelloe,  M.  F.  P.,  B.  Sc,  C.  R,  '06.     Fort  Morgan,  Colo.,  Civil  and 

Irrigation  Engineer. 
Cramer,  D.  L.    Dutchcreek,  Nev.,  Mining  Engineer. 
Crane,  C.  O.,  B.  Sc,  E.  E.    Chicago,  111.,  Arnold  Elec  Power  Sta.  Co. 
Crook,  G.  A.,  B.  Sc,  C.  E.,  '08.    Falls  City,  Neb.,  Contractor  for  Monarch 

Construction  Co. 
Crook,  Z.  E.,  B.  Sc,  E.  E.,  '97.    Faribault,  Minn.,  Res.  Eng.  C,  M.  &  St 

P.  R.  R. 
Crownover,  C.  E.,  B.  Sc,  C.  E.,  '97.     1502  Pacific  Ave.,  Everett,  Wash., 

Locating  Eng.  G.  N.  Ry. 
Cushman,  C.  R.,  B.  Sc,  E.  E.,  '02.    Lincoln,  Neb.,  Cushman  Motor  Co. 
Cushall,  L.  A.,  B.  Sc,  E.  E..  '05.     El  Paso,  Texas,  Wire  Chief,  Southern 

Independent  Telephone  Co. 

Davis,  C.  L.,  B.  Sc,  E.  E.,  '06.  811  Franklin  Ave.,  Wilkinsburg  Sta., 
Pittsburg,  Pa.,  Westinghouse  Mfg.  Co. 

Davis,  E.  O.,  B.  Sc,  C.  E.,  '05.    U.  P.  R.  R.,  Denver,  Colo. 

Davis,  T.  B.,  B.  Sc,  M.  E.,  '06.  Chief  Engineer,  Cleveland  Crane  and 
Engineering  Co.,  Wickliffe,  Ohio. 

Davidson,  J.  B.,  B.  Sc,  M.  E.,  '04.  Professor  of  Agricultural  Enginnering, 
Iowa  State  College,  Ames,  Iowa. 

Debler,  B.  E.,  B.  Sc,  C.  E.,  '07.     Spokane,  Wash. 

Day,  W.  F.,  B.  Sc,  C.  E.,  '06.    Ass't  Eng.,  J.  G.  White  Co.,  Richfield,  Ida. 

Dobson,  Frank  A.,  B.  Sc,  C.  E.,  '03.    Contracting  Engineer,  Lincoln,  Neb. 

Dormann,  F.  B.,  B.  Sc,  M.  E.,  'oi.    American  Bridge  Co.,  Denver,  Colo. 

Doulrava,  H.  W.,  B.  Sc,  E.  E.,  '97.  Sales  Eng.  New  York  Office,  Wag- 
ner Elec.  Mfg.  Co. 

Doubt,  J.  C,  Jr.,  B.  Sc,  '03.    Kilbourne  &  Clarke  Co.,  Seattle,  Wash. 

Doubt,  R.  A.,  B.  Sc,  E.  E.,  '01.    Western  Elec  Co.,  New  York  City. 

Downes,  N.  W.,  B.  Sc,  M.  E.,  '07.    Mech.  Dept.  U.  P.  R.  R.,  Omaha,  Neb. 

Duer,  C.  B.,  B.  Sc,  E.  E.,  '07.     Hastings,  Neb. 

Dumont,  R.  E.,  B.  Sc,  C.  E.,  '06.  Ass't  Eng.  C.  &  N.  W.  Ry.,  Omaha, 
Neb. 

Dwyer,  R.  C,  B.  Sc,  E.  E.,  '07.  Apprentice  Dept.  Westinghouse  Mfg.  Co., 
Wilkinsburg,  Pa. 

Eagleson,  E.  G.,  B.  Sc,  C.   E.,  '89.     U.  S.   Surveyor  General   for  Idaho, 

Boise,  Idaho. 
Early,  J.  W.,  B.  Sc,  E.  E.    Consulting  Engineer,  Columbus,  Neb. 
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Eaton,  B.  K.,  B.  Sc,  M.  E.,  '08.    Omaha,  Neb. 

Ellis,  O.  A.,  B.  Sc,  C.  E.,  '07.    Panama,  Neb. 

Elmen,  G.  W.,  B.  Sc,  M.  E..  '02.  Development  Eng.  Physical  Lab.,  West- 
ern Elec  Co.,  New  York  City. 

Elson,  T.  H.  ,  '03.    Kearney,  Neb. 

Elson,  W.  D.    Western  Electric  Co.,  Cleveland,  Ohio. 

Engel,  C.  W.,  B.  Sc,  C.  E.f  '03.  C.  &  N.  W.  Ry.,  Farnam  St.,  Omaha, 
Neb. 

Evans,  H.  S.,  B.  Sc,  '98.,  E.  E.,  'oi.  Head  Professor  of  E.  E.,  University 
of  Colorado,  Boulder. 

Everett,  C.  C.    Supt.  W.  S.  Mining  Co.,  Eureka,  Utah. 

Fairman,  F.  F.,  B.  Sc,  E.  E.,  '06.  With  Walters  Bros.,  75  Board  of 
Trade  Bldg.,  Chicago,  111. 

Farnsworth,  G.  E.,  B.  Sc,  C.  E.,  '04.    St.  Charles,  South  Dakota. 

Farley,  L.  L.,  B.  Sc,  E.  E.    Bancroft,  Neb. 

Fenlon,  J.  A.,  B.  Sc,  C.  E.,  '07.    David  City,  Neb. 

Forbes,  B.  E.,  A.  B.,  '95.  Resident  Engineer,  Costilla  Estate  Development 
Co.,  San  Luis,  Colo. 

Frazier  B.  R.,  B.  Sc,  E.  1%  '07.  37  Arthur  St.,  Schenectady,  N.  Y.,  Ap- 
prentice, G.  E.  Co. 

Friedman,  S.  B.,  B.  Sc,  C.  E.,  '06.  Ass't  Eng.  Collins  Const.  Co.,  Omaha. 
Neb. 

Fritts,  C.  B.,  B.  Sc,  E.  E.,  '96.  Chief  Eng.  .Metropolitan  Street  Ry., 
Kansas  City,  Mo. 

Gibbs,  J.  B.,  B.  Sc,  E.  E.f  '05.    Engineering  Dept.  Westinghouse  E.  &  M. 

Co.,  852  Rebecca  Ave.,  Wilkinsburg,  Pa. 
Grant,  Wm.,  B.  Sc,  C.  E.,  '97.    City  Engineer,  Lincoln,  Neb. 
Green,  J.  A.,  B.  Sc,  C.  E.,  '04.    Supt.  of  Construction,  J.  G.  White  &  Co., 

Richfield,  Idaho. 
Green,  Wm.,  '98.    Kansas  City  Telephone  Co.,  Kansas  City,  Mo. 
Griggs,  C.  E.,  E.  E.,  '97.     Gen.   Supt.  U.   S.  Consolidated   Mining  Co., 

Eureka,  Utah. 
Grone,  E.  A.,  B.  Sc,  C.  E.,  '08.    Fellow  in  Mathematics,  U.  N.,  Lincoln, 

Neb. 
Gutleben,  D.  B.,  'oo.    Gutleben  Bros.,  Contractors,  San  Francisco,  Cal. 
Guthrie,  R.  E.,  B.  Sc,  M.  E.,  '08.    Lincoln,  Neb. 

Hagenow,  Chas.  F.,  B.  Sc,  E.  E,  'oo.,  M.  A.  Instructor  in  Mathematics, 
Armour  Institute  of  Technology. 

Hagensick,  E.  H.,  B.  Sc,  E.  E.,  '06.    Elec.  Dept.  U.  P.  R.  R.,  Omaha,  Neb. 

Hall,  D.  C,  B.  Sc,  E.  E,  '98.  211  Carlton  Ave.,  Brooklyn,  N.  Y.,  Electri- 
cal Inspector  U.  S.  Navy. 

Hamilton,  W.  G.,  B.  Sc,  E.  E.,  '06.  Apprentice  Westinghouse  E.  &  M. 
Co.,  811  Franklin  Ave.   Wilkinsburg,  Pa. 
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Hardy,  E.  G.,  B.  Sc,  E.  R,  '08.    Omaha  Elec.  Lirfit  &  Power  Co.,  Omaha, 
Neb. 

Harris,  R.  S.,  B.  Sc.,  C.  R,  '04.     Pres.  &  Gen'l  Mgr.  Western  Contr's 
Sup.  Co.,  450  Paxton  Bldg.,  Omaha,  Neb. 

Harrington,  A.  S.,  B.  Sc,  R  R,  '08.    Pawnee  City,  Neb. 

Hartley,  Harry  K.,  B.  Sc,  R  R,  '07.    Electrician,  Anaheim,  Cal. 

Hartsough,  G.  H.,  B.  Sc,  B.  R  R,  '07.    Apprentice  Westinghouse  R  & 
M..  Co.,  Wilkinsburg,  Pa. 

Harvey,  A.  L.,  B.  Sc,  E.  R,  '06.    Electrical  Contractor,  Lincoln,  Neb. 

Hartzell,  Walter,  B.  Sc,  R  R,  '05.    Westinghouse  R  &  M.  Co.,  Pitts- 
burg, Pa. 

Hastie,  A.  G.,  B.  Sc,  R  R,  '07.    Westinghouse  E.  &  M.  Co.,  839  Rebecca 
Ave.,  Wilkinsburg,  Pa. 

Haughton,  E.  H.,  B.  Sc.  E.  R,  '95.    Gen.  Mgr.  Bryan-Marsh  Co.,  Dear- 
born St,  Chicago,  111. 

Hawksworth,  D.  W.,  B.  Sc,  R  E.,  '97.    Asst  to  V.  P.,  American  Car  & 
Foundry  Co.,  Montreal,  Canada. 

Heaton,  R.  H.,  B.  Sc,  M.  R    Beloit,  Wis.,  Fairbanks-Morse  Gas  Engine 
Works. 

Hedge,  Verne,  A.  B.,  B.  Sc,  C.  R,  '03.    Abstracter  of  Titles  for  Lancaster 
County,  Lincoln,  Neb. 

Hedges,  G.  L.,  B.  Sc,  E.  R,  '07.     Cleveland  Crane  &  Engineering  Co., 
Wickliffe,  Ohio. 

Heimrod,  A.  A.,  B.  Sc,  '06.    Omaha,  Neb. 

Henck,  C.  H.    311  Laurel  St.,  Baton  Rouge,  La. 

Henry,  J.  E.,  B.  Sc,  C.  E.f  '05.    Builder  and  Contractor,  St.  Joseph,  Mo. 

Hershey,  J.  L.,  B.  Sc,  C.  E.,  '06.    Asst.  Eng.  J.  G.  White  &  Co.,  Gooding, 
Idaho. 

Hess,  F.  R,  B.  Sc,  C.  E.,  '03.     Hess  &  Skinner,  Gen'l   Agts.   Missouri 
Valley  Bridge  &  Iron  Co.,  Dallas,  Texas. 

Hibner,  A.  E.,  B.  Sc,  E.  E.,  '06.    Rochester  Rv.  &  Light  Co.,  Rochester, 
N.  J. 

Hitchman,  J.  C,  B.  Sc,  E.  E..  '08.    Mexican  Central  Ry.,  Tampico,  Mex. 

Hoagland,  A.  L.,  B.  Sc,  E.  E.,  '00.     Resident  Eng.  C,  B.  &  Q.  R.  R., 
Lincoln,  Neb. 

Holman.  W.  H..  B.  Sc,  E.  R,  '04. 

Holmes,  J.  C ,  B.  Sc,  C.  E.,  '05.    Omaha,  Neb. 

Horn,  A.  C.     Foreman  S.  R.  V.  Co.,  Blackfoot,  Idaho. 

Howe,  E.  D.,  B.  Sc,  C.  E.,  '87.    County  Surveyor,  Table  Rock,  Neb. 

Hrubesky,  C.  G.,  B.  Sc,  C.  E.,  '08.    Transitman,  J.  G.  White  &  Co.,  Good- 
ing, Idaho. 

Hubbard,  Ray  D.,  B.  Sc,  C.  R,  '00.     Office  Eng.  U.  S.  R.  S.,  Klamath 
Falls,  Ore. 

Hulett,    R.   R,    B.    Sc.   E.    E.,   '09.      Chief   Electrician,    Hecla    Portland 
Cement  Co.,  Bay  City,  Mich. 
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Hull,  A.  M.,  B.  Sc.,  R  R,  '03.    Fremont,  Neb. 

Hummel,  C.  M.,  B.  Sc,  R  R,  'oo.  Pres.  &  Gen'l  Mgr.  Hummel  Mfg.  Co., 
St  Louis,  Mo. 

Huntington,  L.  M.,  B.  Sc,  C.  R,  '02.  Engineer  in  Charge,  Marx  &  Wind- 
sor, Engineers,  Guantanamo,  Cuba. 

Hurlburt,  H.  S.  G.,  B.  Sc,  R  E.,  '05.  Tonopah,  Nevada,  Ass't  Eng. 
Esmeralda  Power  Co. 

Hurtz,  L.  E.,  B.  Sc,  E.  R,  '03.  Gen'l  Mgr.  Lincoln  Telephone  &  Tele- 
graph Co.,  Lincoln,  Neb. 

Hunt,  F.  L,  B.  Sc,  E.  E.,  '02.  Ass't  Eng.,  Boston  Office  Gen.  Elec  Co., 
Boston,  Mass. 

Hyde,  M.  A.,  B.  Sc,  E.  E.,  '98.  Gen.  Agt.  Midwest  Life  Ins.  Co.,  Lin- 
coln, Neb. 

Jackson,  J.  B.,  B.  Sc,  E.  R,  '07.     Commonwealth  Edison  Co.,  1517  Lill 

Ave.,  Chicago,  111. 
Jeffrey,  E.  O.,  B.  Sc,  E.  R,  'oo.    Los  Angeles,  Cal. 
Jenkins,  W.  G.f  B.  Sc,  C.  R,  '07.    Fairmont,  Neb. 
Johnson,  C.  A.,  B.  Sc,  E.  R,  '06.    Apprentice  Westinghouse  E.  &  M.  Co., 

755  Franklin  Ave.,  Wilkinsburg,  Pa. 
Johnson,  C.  G.,  B.  Sc,  R  R,  '08.    Electrical  Contractor,  Lincoln,  Neb. 
Jones,  I.  B.,  B.  Sc,  C.  R,  '07.    Richfield,  Idaho,  Dir.  Eng.  with  J.  G.  White 

Co. 
Jones,  J.  C,  '96.    Westinghouse  R  &  M.  Co.,  Salt  Lake  City,  Utah. 
Jones,  L.  A.,  B.  Sc,  R  R,  '08.    Grad.  Student  U.  of  N.,  Lincoln,  Neb. 
Jorgensen,  H.  W.,  B.  Sc,  C.  E.,  '97.    Box  673,  Bisbee,  Ariz.,  Civil  and 

Mining  Engineer. 
Joy,  G.  A.,  B.  Sc,  R  R,  'oi.     Chicago,  111.,  Order  Clerk  of  Kellogg 

Switchboard  and  Supply  Co. 

Kathan,  S.  G,  Classical,  '87.    Aitken,  Minn.,  Real  Estate. 

Kendall,  H.  C,  B.  Sc,  E.  R,  '02.    Milwaukee,  Wis.,  Allis-Chalmers  Co. 

Kendall,  Val  H.,  B.  Sc,  E.  R,  '07.     Niles,  Mich.,  Sales  Manager  Kaw- 

neer  Mfg.  Co. 
Kemmish,  N.  A.,  B.  Sc,  M.  E.,  '04.    Lincoln,  Neb.,  Lincoln  Traction  Co. 
Kinton,  W.  G.,  B.  Sc,  R  R,  '98.    The  Hampden,  Chicago,  111.,  Inspector 

with  Chicago  Telephone  Co. 
Koch,  A.  W.  R,  B.  Sc,  C.  R,  '05.     Room  No.   14,  Burlington  Depot, 

Lincoln,  Neb.,  Eng.  Dept.  C,  B.  &  Q.  R.  R. 
Kokjer,  R.  L,  B.  Sc,  M.  R,  '08.     104  East  16th  St.,  Cheyenne,  Wyo., 

Special  Apprentice  U.  P.  R.  R. 
Kollasch,  W.  M„  '02.     72  Poplar  St.,  St.  Louis,  Mo.,  President  Bridge 

Eng.,  Mo.  Pacific  R.  R. 
Korsmeyer,  L.  W.,  B.  Sc,  C.  R,  'oo.     138  So.  10th  St.,  Lincoln,  Neb., 

Treas.  of  Korsmeyer  Co.,  Wholesale  Electrical  Supplies. 
Krasny,  Emil,  B.  Sc,  R  R,  '03.    Humboldt,  Neb. 
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Kruse,  A.  N.,  B.  Sc,  E.  E.,  '03.    New  York  City,  Western  Electric  Co. 
Kryder,  J.  F.,  B.  Sc.f  E.  E.,  '07.    396  Center  St.,  Wilkinsburg,  Pa.,  Ap- 
prentice  with   Westinghouse   Electric   and   Mfg.   Co. 
Kuhns,  J.  H.,  '96.    Prof,  of  C.  E.  in  University  of  Japan. 
Kutton,  W.  G.,  '98.     Chicago,  111.,  Chicago  Telephone  Co. 

Langer,  J.  F.,  B.  Sc,  E.  E.,  'oi.    1423  36th  St.,  Brooklyn,  N.  Y.,  Electrical 

Eng.  Equipment  Dept.  U.  S.  Navy  Yard,  N.  Y. 
Larson,  C.  H.,  B.  Sc,  '02. 

Larson,  Wm.  H.    Eng.  Dept.  Contractor,  1920  So.  34th  St..  Omaha,  Neb. 
Lawler,  J.  C,  '02.     Colorado  Springs,  Colo.,  Chief  Electrical  Eng.  Colo- 
rado Springs  Elec  Co. 
Lewis,  E.  O.,  B.  Sc,  C.  E.,  '84.    Falls  City,  Neb.,  Manager  Peerless  Stock 

Powder  Co. 
Liebmann,  M.  N.,  B.  Sc,  E.  E.,  '00.     160-62  Duam  St.,  N.  Y.  C,  Mgr. 

Foote-Pierson  Co. 
Little,  Chas.  N.,  A.  B.,  '79,  A.  M.,  '84,  Yale,  Ph.  D.,  *85-     818  Elm  St, 

Moscow,  Idaho,  Prof.  C.  E.  Idaho  State  Uni. 
Lord,  H.  S.,  B.  A.,  '93.     Butte,  Montana,  Civil  Eng. 
Lott,  A.  L.,  B.  Sc,  E.  E.,  '07.    1007  No.  22d  St.,  So.  Omaha,  Engineering 

Dept.  O.  &  C.  B.  Ry.  Co. 
Lyman,  S.  B.,  B.  Sc,   E.   E.,  '97.     Hastings,  Neb.,  Mgr.   Hastings   Ind. 

Telephone  Co. 
Lyon,  G.  J.,  B.  Sc,  '99,  Columbia  C.  E.,  '04.  _  Dept.  of  Civil  Eng.,   17 

Palmer  Hall,  Colorado  Springs,  Colo.,  Prof,  of  Civil  Eng. 

Menefee,  F.  N.,  B.  Sc,  C.  E.,  '08.     Stu.  Cornell  Uni.,  Ithaca,  N.  Y. 

Maghee,  M.  M.,  B.  Sc,  '92,  E.  E.,  '94.  P.  O.  Box  386.  Deadwood.  So. 
Dak.,  Gen.  Supt.  Consolidated  Power  &  Light  Co.  of  So.  Dak. 

Mallat,  O.  R.,  B.  Sc,  E.  E.  '07.    Lincoln,  Neb.,  Lincoln  Gas  &  Elec  Co. 

Meyer,  F.  L..  B.  Sc,  E.  E.,  '97.  Trenton,  N.  J.,  Insulated  Wire  Dept., 
Jno.  A.  Roebling's  Sons  Co. 

Meyer,  C.  L,  B.  Sc,  M.  E.,  '07.  565  West  113th  St.,  New  York  City. 
Student  Columbia  University. 

Mickey,  C.  E.,  B.  Sc,  M.  E.,  '08,  B.  Sc,  C.  E.,  '08.  1337  So.  nth  St., 
Lincoln,  Neb.,  Instructor  of  Applied  Mechanics  Uni.  of  Neb..  Presi- 
dent of  Mickey  Milling  Co.,  Elkhorn,  Neb. 

Mieleng,  A.  H..  B.  Sc.  M.  E.,  '07.     Wahoo,  Neb. 

Miller,  A.  A..  B.  Sc,  E.  E.  '98.  206  Central  Bldg.,  Seattle,  Wash.,  Mgr. 
Railway  and  Lighting  Dept.  Seattle  Office  Westinghouse  E.  &  M.  Co. 

Miller,  A.  E..  B.  Sc,  M.  E.,  '06.     Newton,  Iowa. 

Mills,  D.  L.,  B.  Sc,  E.  E.,  '05.    Omaha,  Neb.,  U.  P.  R.  R. 

Mills,  R.  S.,  B.  Sc,  E.  E..  '07.  427  Center  St.,  Wilkinsburg,  Pa.,  Ap- 
prentice Westinghouse  E.  &  M.  Co. 

Morse.  P.  A..  B.  Sc,  E.  E.,  '09.  810  Spruce  St.,  St.  Louis.  Mo.,  Sales 
Manager,  Western  Electric  Co. 
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Moser,  W.  A.,  B.  Sc,  E.  E.,  '07.  427  Center  St.,  Wilkinsburg,  Pa.,  Ap- 
prentice Westinghouse  E.  &  M.  Co. 

Marsh,  E.  M.,  B.  Sc,  E.  E.,  '07.  2521  Chicago  Ave.,  Omaha,  Neb.,  Solici- 
tor O.  Elec.  &  P.  Co. 

Manley,  F.  A.,  B.  Sc,  C.  E.,  '89.  Rock  Springs,  Wyo.,  Genl.  Supt.  Supe- 
rior Coal  Co.,  and  Chief  Eng.  &  Supt.  of  Construction  Union  Pacific 
Coal  Co. 

Mansfield,  R.  J.,  B.  Sc,  M.  E.,  '04.    Wisner,  Neb. 
.  Martz,  J.  E.,  E.  E.    Seward,  Neb.,  Consulting  Engineer. 

McReynolds,  R.  H.,  B.  Sc,  E.  E.,  '04.  Vermillion,  So.  Dak.,  Supt.  of 
Bldgs.,  University  of  So.  Dak. 

McDowell,  C.  C,  B.  Sc,  E.  E.,  '05.  785  State  St.,  Schenectady,  N.  Y., 
With  Gen.  Elec  Co. 

McCrosky,  J.  W.,  B.  Sc,  '91.  London,  Eng.,  Mgr.  of  J.  G.  White  Co., 
Inc.,  9  Cloak  Lane,  E.  C,  London,  Eng. 

McGeachin,  W.  R.,  B.  Sc,  E.  E.,  '03.  Manila,  P.  I.,  Manila  Electric  R. 
and  Light  Co. 

McNamara,  C.  J.,  B.  Sc,  C.  E.,  '06.  Cheyenne,  Wyo.,  Asst.  Engineer 
U.  P.  R.  R. 

McWilliams,  C.  C,  B.  Sc,  E.  E.,  '07.    Chester.  Neb. 

Mead,  A.  E..  B.  Sc,  C.  E.,  '06.    York,  Neb.,  C.  E.  Dept.  C,  B.  &  Q.  R.  R. 

McNicol,  J.  C,  B.  Sc,  E.  E.,  *o8.    Lincoln,  Neb. 

Mueller,  R.  S.,  B.  Sc,  E.  E.,  '98.  414  Prospect  Ave.,  S.  R,  Cleveland, 
Ohio,  Dealer  in  Electrical  Supplies. 

Mueller,  T.  F.,  A.  B.,  '07,  B.  Sc,  E.  E.,  '08.  817  Hamlin  St.,  Evanston, 
111.,  with  North  Shore  Elec  Co. 

Mundorf,  W.  M.,  B.  Sc,  C.  E.,  '02.  632  Bee  Bldg.,  Omaha,  Neb.,  Struc- 
tural Engineer  with  John  La  tenser,  Architect 

Munn,  O.  M.    Nebraska  City,  Neb.,  with  A.  M.  Munn  Co. 

Newton.  B.  A.,  B.  Sc,  G  E.,  '04.  Costilla  Estates  Develop.  Co.,  San  Luis, 
Colo. 

Nilsson,  H.  O.,  B.  Sc,  C.  E.,  fo6.  1715  So.  10th  St.,  Omaha,  Neb.,  Chief 
Engineer's  Office,  U.  P.  R.  R. 

Noyes,  H.  B.,  B.  Sc,  E.  E.,  '98.  Omaha,  Neb.,  Chief  Eng.  Omaha  &  C. 
B.  Ry.  Co. 

Noyes,  R.  E.,  B.  Sc.  E.  E..  '04.  1778  Ansel  Rd..  Cleveland,  Ohio.,  In- 
structor in  E.  E.  Case  School  App.  Science. 

Nethery,  J.  D..  B.  Sc.  C.  E.,  '08.    Ord.  Neb. 

Oliver,  R.  H.,  B.  Sc,  E.  E.,  '03.  315  Raymond  Bldg.,  Omaha,  Neb., 
Eng.  for  the  General  Construction  Co.,  Omaha,  Neb. 

Orton,  C.  S.,  B.  Sc,  M.  E.,  '02.  Milwaukee,  Wis.,  Erecting  Eng.  Allis- 
Chalmers  Co. 

Owen,  Jesse,  B.  Sc,  E.  E.,  '08.    Wahoo,  Neb. 

Page.  J.  C,  B.  Sc,  C.  E.,  '08.    Syracuse,  Neb. 
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Palen,  Archie,  B.  Sc,  C.  R,  '07.    Lincoln,  Neb. 

Palmer,  W.  R.,  B.  Sc,  R  R,  '06.    Schenectady.,  N.  Y.,  General  Elec  Co. 

Parrot,  Frank,  B.  Sc.,  C.  R,  '08.    Albion,  Neb. 

Parrot,  Jesse,  B.  Sc,  C.  R,  '08.    Albion,  Neb. 

Pearson,  C.  A.,  'oi.    Lincoln,  Neb.,  Instructor  Forge  Work,  Uni.  of  Neb. 

Pepperburg,  A.  J.,  '02.    New  York  City  Navy  Yard. 

Pierce,  R  H.,  B.  Sc,  E.  R     942  Warren  Ave.,  Chicago,  111.,  Western 

Elec.  Co. 
Podlesack,  F.  S.,  B.  Sc,  '96.    Chicago,  111.,  Electrician. 
Podlesack,  H.  J.,  B.  Sc,  '04.    Chicago,  111.,  Electrician. 
Podlesak,  Emil,  B.  Sc,  E.  E.,  '96.     No.  30  King  St,  Morristown,  N.  J., 

Contracting  Engineer. 
Pollard,  N.  L.,  B.  Sc,  R  R,  '96.    Elizabeth,  N.  J.,  Ford,  Bacon  &  Davis 

Co. 
Pollock,  J.  D.,  B.  Sc,  E.  R,  '06.    Schenectady,  N.  Y.,  Gen.  Elec  Co. 
Porter,  E.  Y.,  B.  Sc.  E.  R,  '06.    402  San  Fernando  Bldg.,  Los  Angeles, 

Cal.,  member  firm  Porter  Bros.,  Electrical  &  Illuminating  Engineers. 
Porterfield,  J.  C,  B.  Sc,  C.  R,  '92.    Milne,  Idaho,  Vice.-Pres.  and  Con- 
structing Engineer,  Engineering  and  Constructing  Co. 
Pospisil,  L.  J.,  B.  Sc,  M.  R,  '03.     Spokane,  Wash..  Washington  Water 

Power  Transmission  Co..  Asst.  Chief  Draftsman. 
Powers,  B.  F.    Chicago,  111.,  People's  Gaslight  &  Coke  Co. 
Purcell,  C.  H.,  B.  Sc,  C.  R,  '06.     La  Fundicion,  Peru,  S.  A.,  Cero  de 

Pasco  Mining  Co. 

Randall,  K.  C,  B.  Sc,  '97.    Edgewood  Park,  Pa.,  Westinghouse  Elec.  & 

Mfg.  Co. 
Reagan,  H.  E.,  B.  Sc,  R  E.    Chicago,  111.,  member  Yale  &  Reagan,  Con- 
tractors. 
Reed,  C.  R,  '02.    Salt  Lake  City,  Utah,  Engineer  and  Contractor. 
Reedy,  O.  T.,  B.  Sc,  C.  R,  '08.     Oman,  So.  Dak.,  Engineer  in   Charge 

Oman  Div.  Belle  Fourche  Project. 
Rick,  D.  H.,  B.  Sc,  E.  R,  '07.    Denver,  Colo.,  Vice-Pres.  and  Consulting 

Eng.,  Consolidated  Eng.  Co. 
Riddell,  D.  F.    Mining  Engineer,  7401  Ind.  Road,  Kansas  City,  Mo. 
Robinson,  E.  J.,  B.  C.  E.,  '84.     1419  D  St.,  Lincoln,  Neb.,  Res.  Eng.  C, 

B.  &  Q.  R.  R. 
Roberts,  H.  W.,  B.  Sc,  C.  R,  '06.     With  C,  B.  &  Q.  R.  R.  Eng.  Dept., 

Lincoln,  Neb. 
Rohrer,  C,  B.  Sc,  C.  R,  '93.    Asst.  Res.  Eng.,  Wabash  R.  R. 
Rohrbough,  J.  M.,  B.  Sc,  '98.    553  So.  Logan  St.,  Denver,  Colo. 
Rowe,  W.  R,  B.  Sc,  C.  R,  '96.    Lexington,  Ky.,  Dean  and  Prof,  in  Ky. 

State  Uni. 
♦Rush,  B.  R,  B.  Sc,  C  R,  '07.    Manila,  P.  I. 

♦Deceased. 
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Ryons,  F.  B.,  '00.    Mgr.  F.  B.  Ryons  Co.,  Lincoln,  Neb. 

Sargent,  Jos.  A.,  B.  Sc,  C.  E.,  '03.    Manzanillo,  Cuba,  Chief  Eng.  of  Pub- 
lic Works. 
Saville,  J.  A.,  B.  Sc,  E.  E.,  '98.    Chicago,  111.,  Eng.  Western  Elec.  Co. 
Sawyer,  E.  B.,  B.  Sc,  E.  E.,  '98.    1106  O  St.,  Lincoln.  Neb.,  Real  Estate. 
Sawyer,  L.  P.,  B.  Sc,  E.  E.,  '99.     Cleveland,  Ohio,  Sec'y-Treas.  Buckeye 

Elec.  Co. 
Sawyer,  W.  H.,  B.  Sc,  E.  E.,  '04.     115  Broadway,  New  York  City,  Eng. 

New  York  Office,  Ford,  Bacon  &  Davis. 
Schaufelberger,  F.  J.,  B.  Sc,  '02.     1544  East  30th  St.,  Los  Angeles,  Cal., 

R.  R.  Draftsman. 
Schmidt,  Edward  A..  B.  Sc,  E.  E.,  '08.    421  No.  18th  St.,  Omaha,  Neb., 

Electrician,  U.  P.  R.  R. 
Schoonover,  W.  L.,  B.  Sc,  E.  E.,  '06.    Mountainside,  N.  J.,  Western  Elec 

Co. 
Schreiber,  Arthur  G.,  B.  Sc,  C.  E.,  '07.     Manzanillo,  Cuba,  Asst.  Eng. 

Dept.  Public  Works. 
Searles,  H.  C,  B.  Sc,  C.  E.,  '02.    Rocky  Ford,  Colo.,  Locating  Eng.,  Mo. 

Pac  R.  R. 
Sears,  A.  K.,  B.  Sc,  E.  E.,  '06.    Schenectady,  N.  Y.,  Genl.  Elec.  Co. 
Scnger,  H.  L.,  B.  Sc,  E.  E.,  '03.    Chicago,  111.,  Arnold  Elec.  Co. 
Shane,  A.  B.,  B.  Sc,  E.  E.,  '01.    Ames,  Iowa,  Associate  Prof.  Iowa  State 

College. 
Sheldon,  L.  A.,  B.  Sc,  M.  E.,  '05.    Schenectady,  N.  Y.,  Genl.  Elec.  Co. 
Simmons,  Nat.  R.,  B.  Sc,  E.  E.,  '08.    York,  Neb.>  with  Freeborn  Eng.  Co., 

Deerfield,  Kan. 
Skinner,  C.  A.,  Ph.  D.,  '93.    Lincoln,  Neb.,  Prof.  Physics,  Uni.  of  Neb. 
Slaughter,  C.  D.,  B.  Sc,  E.  E.,  '07.    Boise,  Idaho,  Mickle  Elec.  Co. 
Smith,  A.   B.,   B.   Sc,  E.  E.,   'oi.     Lafayette,   Ind.,   Prof.   Telephony  in 

Perdue  Uni. 
Smith,  C.  K.,  B.  Sc,  C.  E.,  '07.     Care  Eng.  Const.  &  Maint.  P.  R.  R., 

Colon,  R.  P.,  Draftsman  Panama  R.  R. 
Standeven,  W.  E.,  B.  Sc,  C.  E.,  '07.    Omaha,  Neb.,  Field  Eng.,  City  Eng. 

Dept. 
Steel,  A.  A.,  B.  Sc,  C.  E.,  '99.     Fayetteville,  Ark.,   Prof.   Mining  Eng., 

University  of  Arkansas. 
Stevens,  J.  C,  B.  Sc,  C.  E.,  '05.    209  Tilford  Bldg.,  Portland,  Oregon, 

Eng.  U.  S.  Geol.  Survey. 
Stockton,  W.  L.,  B.  Sc,  '93.    Chicago,  111.,  Agency  Supervisor  Sales  Dept. 

Western  Elec.  Co. 
Stone.  C.  L.,  B.  Sc,  '98.    Schenectady,  N.  Y. 
Stout,  O.  V.  P..  B.  C.  E.,  '88,  and  C.  E.,  '97.    Lincoln,  Neb..  Prof  C  E. 

in  Uni.  of  Neb. 
Sturdevant,  W.  C,  B.  Sc,  C.  E.,  '03.     Payette,  Idaho. 
Sullivan,  G.  L.,  B.  Sc,  M.  E.,  fo8.    Instructor,  Uni.  of  Colorado,  Boulder. 

Colo.  , 

Swartwout,   R.   A.,  B.   Sc.     Omaha,  Neb.,  Vice.-Pres.  &  Genl.   Mgr.  of 

Western  Bridge  and  Construction  Co. 
10 
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Swoboda,  A.  R.,  B.  Sc,  E.  E.,  '03.  Chicago,  111.  Eng.  Dcpt.  of  Kellog 
Switchboard  and  Supply  Co. 

Thurbcr,  Guy  P.,  B.   Sc,  '91.     Pittsburg,   Pa.,  6720  Kelly   St.,  Elcc.  k 

Mech.  Eng. 
Tinker,  G.  H.,  B.  C.  E.,  '90.    420  Hickox  Bldg.,  Cleveland,  Ohio,  Bridge 

Eng.,  N.  Y.  C.  &  St.  L.  Ry. 
Towne,  R.  E.,  B.  Sc,  E.  E.,  '05.     Pittsburg,  Pa.,  Westinghouse  Elec  & 

Mfg.  Co. 
Trail,  R.  A.,  B.  Sc,  '97.    Lincoln,  Neb.,  Office  City  Engineer. 
Turner,  Edward  L.,  B.  Sc,  E.  E.,  '08.     1417  Vinton  St.,  Omaha,  Neb., 

Apprentice  U.  P.  Shops. 
Turner,  L.  W.,  B.  Sc,  M.  E.,  '05.    9  Grove  Place,  Schenectady,  N.  Y., 

Steam  Tube  Dept,  Genl.  Elec.  Co. 
Turner,  R.  E.,  B.  Sc,  E.  E.,  '06.    355  Dearborn  St.,  Chicago,  111.,  Asst 

Editor  "Practical  Engineer." 
Tynes,  T.  EM  B.  Sc,  E.  E.,  '96.    ion  Lafayette  Ave.,  Buffalo,  N.  Y.,  Elec 

Eng.,  Lackawanna  Steel  Co. 

Ware,  Norton.  B.  Sc,  C.  E.,  '04.  San  Francisco,  Cal.,  Bridge  Eng.  of 
Western  Pac  Ry. 

Warner,  C.  D.,  B.  Sc.  E.  E.,  '96.     Newark,  N.  J.,  Moore  Elec.  Co. 

Warren,  H.  P.,  B.  Sc.  C.  E.,  '05.  Cristabol,  C.  Z.,  Panama  R.  R.,  Eng. 
in  Charge  Maintenance. 

Weeks,  C.  W.,  B.  Sc,  E.  E.,  '98.  Commandant  of  Cadets,  Iowa  State 
University. 

Weeks,  Otis,  B.  Sc,  C.  E.,  '95.  Portage  La  Prairie,  Manitoba,  Grand 
Trunk  Ry. 

Weeks,  Paul,  B.  Sc.  C.  E..  ?oo,  B.  S.  Mass.  Inst,  of  Tech.  Philadelphia, 
Pa.,  Baldwin  Locomotive  Works. 

Wellensick,  L.  H.,  B.  Sc,  E.  E.,  '06.  Aberdeen.  So.  Dak.,  Elec.  Eng.  and 
Contractor. 

Westover,  John,  A.  B.,  '04.  920  N  St.,  Lincoln,  Neb.,  Westover  Struc- 
tural Steel  Plant. 

Wheeler,  R.  A.,  '04.     Kansas  City,  Mo.,  Metropolitan  Street  Ry. 

White,  A.  B.,  B.  Sc,  C.  E.,  '84.    Salida,  Colo.,  D.  &  R.  G.  R.  R. 

White,  R.  H.,  B.  Sc.  E.  E.,  '05.  Schenectady,  N.  Y.,  American  Locomo- 
tive Works. 

Wilson,  Arthur  R.,  B.  Sc.  C.  E.,  '07.  Pueblo,  Colo.,  Eng.  Pueblo  Bridge 
Co. 

Wilson,  G.  E..  B.  Sc,  M.  E.,  '06.  41 14  10th  Ave.,  N.  E.,  Seattle,  Wash., 
Prof.  M.  E.  in  Washington  State  Uni. 

Wilson,  Hugh,  B.  Sc,  C.  E.,  '97.  Salida.  Colo.,  Asst.  Supt.  D.  &  R.  G. 
R.  R. 

Woodward.  W.  R.,  B.  Sc,  E.  E.,  '07.  1259  Franklin  Ave..  Wilkinsburg, 
Pa.,  Apprentice  Westinghouse  Elec.  &  Mfg.  Co. 

Yates.  B.  C.  B.  Sc,  C.  E.,  '92.     527  So.  Mill  St.,  Lead,   So    Dak..  Asst. 

Chief  Eng.  Homestake  Mining  Co. 
Young,  W.  T.,  B.  Sc,  E.  E ,  '08.     Kimball,  Neb. 
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SIT  Sonth  Anto. 

Twelfth  SSIS 

Lincoln 


For  your  Parties*  Banquets*  etc.,  Don't  Forget 

The  Lindell 


Finest  Cafe  in  the  City,  and  the  only  Hotel  having 

a  Private  Banquet  Room 


A.  L.  Hoover  &  Son,  Proprietors 


IT  PAYS  TO 


ADVERTISE 

IN  THE  BLUE  PRINT 


When   writing,   or  eattVim  on  ^«ttwv  \>\*%»»  tm*\Vs*  >fcfc  *v^»\\>&  ^e«!C 


/ 


"Age  cannot  wither  nor  cutftom  stale  its  infinite 
variety,"  when  made  by 

STUDIO :  2%  South  Eleventh  Street,  LINCOLN 

"Preserve  the  Present  for  the  Future." 

Globe  Laundry  Co. 

STANDS    FOR    QUALITY   AND    PROMPTNESS 

Work  brought  to  oar  office  by 
9  a.m.  will  be  ready  by  6  o.  ra. 

326-340  South  Eleventh.  SVsesN- 


\ 


W.  A.  PAXTON,  PmidnL  C.  J.  VIERLINC  Vk^Prtst. 

LOUIS  VIERLINC,  Secy  A  Tkm.  A.  ].  VIERLINC,  Manner. 


Paxton&Vierling  Iron  Works 

Manufacturers  of 
STRUCTURAL   AND   ORNAMENTAL 

IRONANDSTEEL 

Office  and  Works:  So.  17th  St  and  U.  P.  Railway 

^^»  OMAHA  ~~— 


1UFK1N 


TAPES  «•  RULES 

ANKTHI  BI«T  IN  THI  WOULD. 

mm  *,  m£fOFKTM0Ul£f!a 

WM  MnM,  MtaK., U. S.  A. 

UMM.EVM.    ^ 
UNO  rON  OATALOO  WMSM.  CaufL    '»*  * 


KEYSTONA  "' 


Washable  Paint 
lor  all  Interior 


Costs  less  than  point  and  will  never  wear  off.    Not 
affected  by  fumes  of  ammonia  and  gases. 


WESTERN  GLASS  6  PAINT  CO. 

Sole  Agents  LINCOLN,  NEBRASKA 

When    nrltluii.    or   vaHIdk    im   aft*«rt\*W»,   V\™«  wmVa  ttA   "Blu*    Print." 


THE  V1LTER  MFG.  CO. 

1156  Clinton  St„        MILWAUKEE,  WIS,  U.  S.  A. 

BUILDERS  OF 

REFRIGERATIHG. 

AND 

ICE-MHKIN6... 

,.,„,.,..     WUCHIHERT . . . . 

Corliss  Engines,  Boilers,  Heaters,  Pumps,  Etc. 
Machinery  for  Brewers  >  >  Bottling  Outfits 

Representative:  I.  FLEMM1NG,  No.  105  Market  SI.,  Sioux  City,  la. 


MINE    SURVEYING 


Requires  greater  precision  than  general  en- 
gineering work,  and  for  that  reason  critical 
mining  engineers  specify  AINSWORTH  in- 
struments, as  we  are  located  in  the  center  of 
the  mining  field,  and  familiar  with  the  exact- 
ing requirements.  We  also  make  a  general 
line  of  exceptional  merits,      jt     jt     jl      jl 

All     Graduations 


Are  now  cut  on  our  new  30-inch  automatic 
dividing  engine,  the  most  accurate  machine 
of  its  kind  yet  produced.     Jt      j*      jt      jt      j* 

SEND  FOR  CATALOG  BX. 

f  the  Celebrated  Ainaworth  Precision  Balanoea. 


3ITHE_PRECISI0N 


Warn   writing,   or  calling  on   advertisers,   ptesse  mewWoti  tti*  "W«  Wn 


rroen    writing.    Or   ending  on    advertise™,    ptoast   meiitwu   im 


Vlll 


Iron  and  Bras  Castinga,  J*  ▼fought  and  Sheet  Iron  Work. 

Machine  Work* 

.♦Hedges  Lincoln  Iron  Works.. 


BUILDERS'  IRON 
BUILDERS'  SPECIALTIES 


Auto.  Phone  5397 


m^HsS^  >  LINCOLN,  NEB. 

YOU  owe  it  to  yourself  in  the  interest  of  getting  the  best 
values  for  your  money  to  buy  all  your 

Pennants,  Pins,  Fobs,  and  all 


University  Souvenirs    ^ 


FROM 


The  Co-Operative  Book  Store 


318  North  11th  Street,  Lincoln,  Nebraska 


ELECTRICAL 
SUPPLIES 

---complete  line  of  construction  material 
and  supplies  for  ELECTRIC  LIGHT 
plants  and  TELEPHONE  companies. 


«f  KORSMEYER  CO. 

LINCOLN,  -  NEBRASKA 


When    writing,   or   catting   o\\  atovcWaet*,  \\««Afe  xs^wWy^  \x^  u^!»  ^^ewac 


C.  L.  BERGER  &  SONS 

Engineering  anil  Surveying  Instruments 


Ms.  37  WiliUmt  SItmI, 

Batten, 

■UMCblMtt* 

■  Implicit*    In     manipulate 
atrwigth;  a  chror            tolas 
naaa  ot  adjurtmant   unn. 
n.ss  to  avoid  any  Innor 
thorough  workmanship  in 

merits:   A« 
i;    llghtnes. 
varying   ts 

uracy  of  did 
,     combinsd 

gh  powar,  r 

■Ion; 

stltl- 

These  instrum 

""'""■J 

by  t 

he  D.  S 

Got- 

bor,  City.  Bridge,  Tunnel,  Railroad  and  Mining  Engineer- 
ing, as  well  aa  those  made  for  Triangular  or  Topograph- 
ical work  and  Land  Surreying,  etc.,  etc.,  la  larger  than 
that  of  any  other  firm  in  the  country 

X     Illnatrated  Manual  and  Catalogue  Sent  on  Application     -^ 

THE  ENGRAVINGS  FOR  THIS  NUMBER 
OF  THE  NEBRASKA  BLUE  PRINT 
WERE  MADE  BY  THE    .*    rf    .* 

STAFFORD  ENGRAVING 
COMPANY 


Artists.  Engravers.  Electrotypers 

CENTURY  BUILDING,  INDIANAPOLIS 


No  contract  too  big  for  our  large  and  com- 
plete plant  and  none  too  small  to  receive  the 
most  careful  attention.  Specimens  of  our 
beautiful  color  work  free,     j*     >     >        > 


Wlen   writing,   or   calling  on   advertiser*,   dHim  wttOOB.  Ito*  "»«  «*■" 


tliiir.    or   calling    ou   adrertiaers,    please   mention   the    "Blue    Print." 
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JOHN  WESTOVER 

V.    OF    N.    *4>4 

CONTRACTOR         IN 

BRIDGE  AND  BUILDING  IRON  WORK 

STRUCTURAL  ENGINEERING 
Fire  Escapes  a  Specialty 

920  N  Street      ■        ■        ■      LINCOLN,  NEBR. 


The 


Arnold  Company 


Engineers — Constructors 

Electrical  Civil  Mechanical 


181    La  Salle  Street,  CHICAGO 


THE  PURINGTON  PAVING 
BRICK  COMPANY 


GALESBURG,     :     :      ILLINOIS 
REPRESSED   VITRIFIED   BLOCK  AND  BRICK 

When  writing,   or  calling  on  advertisers,   please  mention  the  "Blue  Print." 
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HARRY    PORTER 

1123  O  STREET 

Agents  for  KEUFFEL  &  ESSER  CO. 
DRAWING  INSTRUMENTS 


Catalogues  Mailed  on  Application 


OFFICIAL  FIN  OF  THB  BNeiNBBKIHe  SOCIRTY.Sa.00 

HALLETT 

UNIVERSITY     JEWELER 

HBTABL.ISHKD    1  ST  1  1143     O 


Boeietr*  Clmmm  and  Fraternity  PIm  Made  to  Order.  Deeltfau 

Famished  Free  npos  Application 


Western  Snpply  Co 

WHOLESALE  DEALERS  IN 


STEAM,  WATER  AND  PLUMBING 

SUPPLIES 

TRAHERN  PUMPS 

PERKINS  MILLS  AND  ENGINES 

GIBBEN  BOILERS 

SHIRLY  RADIATORS 


Full  Line  of  Elevator  Supplies  and 

Thresher  Goods. 


& 


Office  and  Warerooms  *  mtfi  a*  wj   bjitd 

£00-822  N  Street  LIWUlLll,  JlLD. 


When    writing,   or   catting   on  &4"*«*\s*t%,  v\«*«e  -nwottsKv  \&*  ""»»*  "«-*ss8C- 


Xlll 


EVERY  ELECTRICAL  ENGINEER  SHOULD  READ  THE 

ELECTRICAL  WORLD 


It  is  the  foremost  authority  of  the  world  on 

electrical  subjects. 


It  offers  the  only  means  for  keeping  in  touch 

with  the  actual  practice  of  the  best 

engineers  of  the  day  infall  branches 

of  electrical  work. 


It  reports  and  describes  all  inventions,  advances 
and  new  developments  in  electrical 

science. 


It  contains  over  2500  pages  of  text  per  annum. 

Weekly  Edition,  $3.00  a  year.     Monthly 

Edition,  $1.00  a  year. 


SPECIAL  RATES  TO  STUDENTS. 


SAMPLE  COPIES  ON  REQUEST. 


Electrical  World 

239  W.  39th  Street        ....       NEW  YORK 

When  writing,  or  calling  on  advertisers,  p\e*«fe  meuWou  \fefe  "TOnfe  'M«&?> 
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EVERY  CIVIL  ENGINEER 


SHOULD  RE.AD 


2 


THE  ENGINEERING  RECORD 

q  It  is  the  leading  engineering 
paper  of  America.  *&*£*£ 

<I  It  covers  every  branch  of 

civil  engineering  in  the  most 
thorough  and  practical  manner. 

fl  Its  articles  are  contributed  or  re- 
vised by  engineers  engaged  on 
the  various  works  described. 

f&  It  is  copiously  illustrated  by 
photographs  and  drawings.   «£ 

^  It  contains  over  2 1 00  pages  of 
text  per  annum.    *&<&*£ 


The  subscription  price  is  but  $3.00  a  year,  less 
than  six  cents  per  copy.   SPECIAL  RATES  TO  STUDENTS. 

SAMPLE  COPIES  ON  REQUEST 

THE  ENGINEERING  RECORD 

239  W.  29th  Street, NEW  YORK. 


When   writing,   or  caWng  on  »A^«rt.\*w»,  W^«*  ***»«&.  NX*  -y.\»  -*-e«se 
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THE  UNIVERSITY 


BOOK  STORE 


340  WORTH    11TH   ST. 

Lincoln,  Neb. 


The  Place  for  Students'  Supplies.    For 
j»       Necessaries  and  Novelties.       j» 

OUR    PRICES    REASONABLE 

Get    one  of  our  Best  Fountain  Pens, 
*       University  Seal  or  Pennant.       j» 


WE    SELECT  THE   BEST   EATING   CANDIES 

D.  B.  GILBERT,   -   Manager 

Engineering  News 


3ttp  leading  Engtnmfatg  fJaprr  of  tor  Horli 


1600  PAGES  OF  READING  MATTER 

Amply  Illustrated  'with    Drawings  and    Photographs 


SPECIAL  RATE  TO  STUDENTS  t  One  Year*.  Subscription. 
$4.00.    Six  Months*  Subscription,  $2.00 


SAMPLE  COPT  FREE 


The    Engineering   News    Publishing    Co., 

220  Broadway,  New  Toxk 


d 


When   writing,   or  calling  on   advertisers,   please  mei\tVon  \fcfe  tfc\\Vw  'M^ 


HIS  IS  the  eighth 
volume  of  the 
Blue  Print  We 
think  It  is  better 
than  any  previ- 
ous edition,  but 
it  is  not  good 
enough  yet.  We 
need  the  help  of  our  advertisers  to 
make  it  a  better  publication. 

Another  volume  will  be  published 
next  year.  Watch  the  results  from 
your  ad  in  this  one  and  next  year  we 
will  try  and  get  better  ones  than  ever. 


Q- 
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Simple  in  Construction 
Efficient  in  Operation 


The  University  of  Nebraska 

has  purchased  12  JONES  STOKERS  (four 
orders)  during  the  past  8  years.  This  is  one 
of  the  many  large  universities  and  educa- 
tional institutions  using  our  apparatus. 

An  extensive  line  of  descriptive  matter 
can  be  had  by  addressing 

THE    UNDER-FEED    STOKER 
CO.  OF  AMERICA 

Marquette  B\dg.        -  CHICAGO 


